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I. INTRODUCTION. 


Since the publication of my previous observations (1933) on the histology of 
the oviduct of the Monotremata, a further series of oviducts, belonging to the 
collection of Prof. T. Thomson Flynn, have become available for study. These 
oviducts are important, for they are those related to the earliest stages described 
by Prof. Hill in his account of the structure of the egg-shell (1933), so that it is 
now possible to correlate the secretory activities of the oviduct with the formation 
of the different layers constituting the shell with much greater certainty than was 
possible with the later stages previously at my disposal. Further, these oviducts 
show secretory activities in the tube which were not apparent in the later oviducts, 
as the secretions in question are elaborated and in process of being shed before 
the egg leaves the Graafian follicle. 

I wish to express my grateful thanks to Prof. Hill and to Prof. Flynn for per- 
mission to work on the material from their collections ; to Prof. Hill for the help and 
encouragement he has given me throughout the work. I am greatly indebted 
to Miss M. Collinson for the figures over which she has expended much care and 
skill, and to Mr. F. J. Pittock of the Department of Anatomy and Embryology, 
University College, for the photo-micrographs on which all the figures are based. 


2. MATERIAL. 


The material used in this work comprises three oviducts from non-pregnant 
females, four oviducts from pregnant females of Echidna, and a number of later 
stages of Platypus and Echidna which have already been described (C. J. Hill, 
1933), but which were used in this investigation for purposes of comparison. 

The material was fixed in Bouin’s fluid and is well preserved for general his- 
tological purposes, although the method of fixation rendered any work of a detailed 
cytological nature impossible. Heidenhain’s iron-hematoxylin, Pasini’s stain, 
magenta red (basic fuchsin) in combination with picro-indigocarmine and brilliant 
cresol blue (after a method suggested to me by Mr. J. F. Robinson) were used 
for staining, whilst mucicarmine and thionin were used to stain albumen and 
mucin. The results from these two latter methods, however, were not very 
successful owing to the method of fixation. 

The material consists of the following oviducts, which may be grouped together 
as follows :— 


A. Non-pregnant females, viz. :— 
1. Echidna B.18.7.29. 


The functional ovary contained small and medium sized eggs which were not 
nearly ready for ovulation. The membranous funnel (infundibulum) of the 


Fallopian tube was quite separate from the ovary at this stage and left it freely 
exposed. 
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2. Echidna B.19.7.30. 


The ovary contained a large, practically full-grown oocyte, with a diameter 
of 4-1 x3-1 mm., its nucleus measuring 0-144 «0-18 mm. in diameter «0-026 mm. 
im maximum thickness (Flynn and Hill, 1939, p. 499). The oocyte is less mature 
than that of C.20.7.29, but the oviducal funnel was closely applied to the surface 
of the ovary and completely enclosed it. The uterus was slightly congested. 


3. Echidna C.20.7.29. j 

The oocyte now full grown, measures 4-0 x 3-4 mm. in diameter and its nucleus 
0-144 x 0-130 mm. in diameter 0-024 mm. in thickness at its centre and 0-044 mm. 
at its periphery. The germinal disc measures about 0-056 mm. in diameter. 
The follicular epithelium is definitely in advance of that of the preceding oocyte 
and over the disc reaches a thickness of 0-048 mm. The intercellular follicular 
secretion is now well marked and takes the form of irregular strands and masses 
of colloid-like material situated in the spaces between the cells (Flynn and Hill, 
1939, p. 505). This oocyte is definitely in advance of that of the preceding stage 
and as in it the oviducal funnel closely invested the ovary. 


B. Fertilisation Stages in which are grouped together three oviducts, viz. :— 


4. Echidna 24.7.29 (Flynn and Hill’s stage FA (1939, p. 544)). 

This oviduct contained an ovum in which the 2nd polar body has just been 
separated and the 9 pronucleus is formed, but no 3 pronucleus appears to be present. 
The diameter of the intact egg (fresh and after Bouin fixation) is 4mm. Round 
the egg is a thick lamellated layer of albumen measuring 0-028 mm. in the disc- 
region, and separating the shell from this layer is a space containing faint traces 
of what is thought to be a more fluid variety of albumen. ‘The shell itself appears 
as a very thin homogeneous membrane measuring 0-0013 mm. in thickness. 


5. Echidna C.15.8.30 (Flynn and Hill’s stage FC. (1939, p. 547)). 

This oviduct belongs to the fertilisation stage in which the two pronuclei overlap 
but have not yet commenced to fuse. The diameter of the intact egg is 4:5 mm. 
(fresh and after Bouin’s fixation). The shell measures 0-0045 mm. in thickness 
and is sharply marked out in the sections into an inner zone (0-0020 mm. thick), 
which stains with iron-hematoxylin and an outer zone (0°0025 mm. thick), 
which stains with eosin. A thin layer of coagulum of variable thickness is present 
on the surface of the outer zone, which may represent secretory coagulum. The 
space occupied by the fluid albumen is artificially reduced ; the dense albumen 
layer measures 0-008 mm. in thickness. 


6. Echidna B.30.7.29 (Flynn and Hill’s stage FE (1939, p. 552)). 

The fertilisation stage represented by this oviduct is slightly later than the 
preceding one. The ¢ and 9 pronuclei are closely applied and are in process of 
fusing. The shell, however, only measures about 0-0018 mm. in thickness as 
compared with 0-0045 mm. in stage FC, whilst the dense albumen layer measures 


about 0-0054 mm. The diameter of the intact egg (after Bouin fixation) os mm. 
B 
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C. Abnormal, unfertilised ovum. 
7. Echidna A.31.8.28. 

The oviduct contained an ovum about 5-9 mm. in diameter after Bouin fixation. 
It appears to be unfertilised. The germinal disc is unsegmented and shows 
evident signs of retrogression, whilst the egg has attained an abnormally large size, 
apparently as the result of an excessive infiltration of fluid. Its passage through 
the oviduct has evidently been retarded, and in correlation with this, the oviducal 
secretions, particularly those of the uterus, are being shed somewhat irregularly. 


D. Cleavage and later stages. 


This group comprises three oviducts which have been described in detail in our 
previous work but which have been used for purposes of comparison. 


8. Platypus IA (No. 1.19.8.01). 

The left uterus contained two eggs (probably in early cleavage) measuring in the 
intact condition 6:75 mm. in diameter, and after removal of the membranous shell 
and albumen, 4-5 mm. (ovum CC). The ovary contained two corpora lutea, one 
of which measured 2-75 x 2-25 mm. in diameter. 


9. Platypus IB (JJ.23.8.01). 
With two intra-uterine eggs A and AA 5:5 mm. in diameter, ovum, 4 mm. 


The ova are in the 8-celled cleavage stage (Wilson and Hill, 1907 ; Flynn and Hill, 
1939, p. 562). 


10. Echidna B.8.8.30. 


The ovum is still solid, but a thin blastodermic membrane is present below the 
zona-albumen layer. Diameter of egg 4-3 mm. (fresh) and 4-9 mm. (in spirit). 
It is enclosed in a thin shell measuring 0-009 mm. in thickness. 


3. FORMATION OF THE INFUNDIBULAR SECRETION. 


The infundibular funnel is a large thin-walled structure with an elongated slit-like 
aperture. When the oocytes are small the ovary lies freely exposed, but when they 
have attained some size it comes to be completely enclosed by the funnel. Prior 
to and at the time of ovulation, the ovarian sac so formed is found to be filled 
by a clear viscous fluid secreted, as we shall see, by the non-ciliated glandular cells 
in its lining epithelium, and which may be present in such quantity as to distend 
the sac. This fluid readily coagulates under the action of fixatives (e. g., Bouin’s 
fluid, alcohol), with the result that in the preserved material, the infundibular 
membrane is found closely adherent to the surface of the ovary, and great care 
must be taken in removing it in order to avoid damaging the latter. 

The funnel, the inner surface of which is markedly folded in the sections (PI. I. 
fig. 1, fl.), is lmed by a tall columnar epithelium consisting of cells of two types 
(fig. 2, ov.ep". & ov.ep.”). Of these the most numerous are the non-secretory 
cells (fig. 2, ov.ep.”) which possess a finely granular cytoplasm, an ovoidal nucleus, 


| 


THE DEVELOPMENT OF THE MONOTREMATA. 5 


and well-marked cilia. The secretory cells (fig. 2, ov.ep.”) lie between the non- 
secretory variety and can be distinguished from them by the fact that their nuclei 
and cytoplasm stain much more deeply than those of the ciliated cells and by the 
absence of cilia. The secretion of these cells is shed before the oocyte leaves the 
follicle, and in Echidna C.20.7.29 and B.19.7.30, both with full-grown oocytes, 
the secretion, which is voluminous, can be seen (figs. 1 & 2, coa.) lying between the 
folds and in the lumen of the infundibulum itself as a dense coagulum. Immediately 
the egg is shed, these cells become inactive, and in the early fertilisation stages 
(Lchidna, stages FA, FC & FE), only slight traces of the secretion can be seen, 
whilst some of the cells have already reformed their cilia. 

The infundibulum passes over into a narrow, thicker neck region, which in turn 
merges without perceptible junction into the tube proper. In this neck region, 
another type of secretory cell, mucoid in character, makes its appearance among the 
cells of the lining epithelium. These cells are not numerous, and are usually found 
scattered singly through the epithelium (Pls. I. & II. figs. 4 & 5, ov.ep.’), although 
sometimes small groups of 2-3 cells are found aggregated at the bases of some of 
the folds. They possess a clear cytoplasm, large oval nuclei and are non-ciliated, 
and so are easily distinguished from the darkly staining ciliated cells which form 
the main bulk of the epithelium in this region. These mucoid cells resemble 
goblet cells in appearance, but, probably owing to the method of fixation, 7. ¢., 
Bouin’s fluid, they give no reaction with the specific mucoid stains. They shed 
their secretion about the time the follicle ruptures, and appear to remain active 
during the early fertilisation stages (stages FA, FC, FE). The secretion is probably 
concerned with facilitating the passage of the ova into the tube proper. 

The epithelium contains two other types of cells, a ciliated non-secretory variety 
(fig. 3, ov.ep.”) which forms the main bulk of the epithelium like the corresponding 
cells in the epithelium of the infundibular funnel, and a non-ciliated type (ov.ep.') 
which is non-secretory in this region, but which forms the dense albumen in the 
tube proper. The cells (ov.ep.”) which form the viscous secretion in the expanded 
part of the infundibulum are not present. 


4. FORMATION OF ALBUMEN. 


The formation of albumen in the upper segment of the Fallopian tube has 
already been described in some detail in our previous paper, but we deal with it 
again because in the later stages dealt with therein, the main formation of albumen 
had already ceased. 

Owing to the relative scarcity of the secretion in these later stages, we came 
to the conclusion that the albumen coat of the egg was a very thin layer evidently 
of a semi-fluid character, traces of which in the form of a fine coagulum together 
with fine fibrillee could be seen in the space between what was believed to be the 
zona and the shell-membrane. It is now clear that this conclusion requires 
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modification. Further study has shown that the albumen coat really consists 
of two parts: (a) a dense homogeneous layer identified as the zona in the original 
description, but which is actually the innermost part of the albumen, and which 
becomes closely applied to the zona, itself a very attenuated membrane, the two 
layers together constituting the zona-albumen layer of Flynn and Hill, (1939) ; 
and (6) a more fluid layer which lies between the zona-albumen and the shell- 
membrane, the albumen coat of our earlier description. We shall distinguish these 
two layers as the dense and fluid albumen layers respectively. 


(a) IN THE UPPER TWwo-THIRDS OF THE FALLOPIAN TUBE. 


The dense albumen is formed by certain of the epithelial cells lining the tube. 
These cells occur somewhat sparsely near the funnel region, but in greater numbers 
towards and in the middle segment of the tube. The albumen granules are 
elaborated in the basal parts of the cells and, gradually passing upwards, are stored 
in their apical portions (Pls. II. & III. figs. 6-9, ov.ep.’). This formation and storage 
of the secretion takes place whilst the ovum is still in the follicle and before the egg 
passes into the tube, some of the secretion, particularly that in the upper part 
of the tube, is shed. This secretory activity occurs just prior to the shedding of 
the ovum, and in the non-pregnant Echidna C.20.7.29 with a full-grown ovarian 
egg, a quantity of secretion can be seen in the upper segment of the tube lumen. 
In the other non-pregnant oviducts I have examined, the eggs were less mature 
than in Echidna C.20.7.29, and no actual shedding of the secretion appears to have 
taken place. The earliest eggs (fertilisation stages) we have examined were 
probably located, according to Flynn and Hill (1939), in the junctional region 
of the tube or in the upper part of the uterus, so that their passage through the 
Fallopian tube must be fairly rapid. These eggs are enclosed in a layer of dense 
albumen which varies somewhat in thickness, and this variation seems to depend 
on the degree of secretory activity of the epithelial cells rather than on the relative 
age of the eggs. The oldest available fertilisation stage is stage FE, and one would 
therefore expect the albumen layer round this egg to be the most developed, but 
this is not the case. If one examines the upper part of the tube from this female, 
the secretory cells are found to be nearly empty of secretion, but there is a consider- 
able quantity of a fine granular material lying free in the lumen or adherent to 
the cilia of the non-secretory cells. In the lower segment, where the albumen 
cells are more numerous, the albumen granules are not aggregated at the apices 
of the cells but lie scattered in the cytoplasm above the nucleus (PI. III. fig. 11, 
ov.ep.', alb.gr.). Little or no secretion is found in the lumen of the tube in these 
regions. 

Round the egg of stage FC, the albumen layer is slightly thicker and secretory 
activity is correspondingly more marked. The secretory granules are more 
aggregated at the surfaces of the cells (Pl. III. fig. 10, ov.ep.', alb.gr.) and con- 
siderably more secretion is found in the lumen of the tube. Secretory activity 
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in this region is, however, most pronounced in stage FA. Thisegg, asits designation 
indicates, is earlier than FC and FE, and one would therefore expect the albumen 
coat to be thin, particularly as the shell is so little developed. In reality the albumen 
layer is extremely thick. It consists of a layer of irregularly laminated material 
measuring 0-028 mm. over the disc region, whilst outside the disc, it thins out to 
0-012 mm. Between this layer and the shell membrane is a space which contains 
traces of a coagulum together with occasional fine fibrils, which we suggested 
represented albumen of a semi-fluid nature. The oviduct shows evident signs 
of this intense activity on the part of the albumen secreting cells. In the upper 
part of the tube the epithelial cells are almost devoid of secretion, and the few 
granules they contain are found aggregated at the surfaces of the cells whilst 
a small quantity of secretion is seen in the lumen of the tube. Lower down the 
amount of secretory material in the epithelial cells is somewhat greater (PI. IT. fig. 8, 
ov.ep.'), and it is also plentiful in the lumen of the tube, where it occurs in large, 
finely granular masses. The secretory granules are now all aggregated at the 
surfaces of the cells and the granules are not reforming in the region of the nucleus. 

The amount of albumen formed round the egg seems therefore to be subject 
to some variation, and depends partly on the length of time taken by the egg to 
pass through the Fallopian tube, and partly on the state of activity of the secretory 
cells during its passage. Comparison of Pl. IIT. figs. 9 & 11, shows that in the 
former taken from the non-pregnant female C.20.7.29, with full-grown ovarian eggs, » 
the granules are more aggregated at the apices of the cells than in the fertilisation 
stage FE (PI. III. fig. 11), where the albumen granules are still scattered throughout 
the cytoplasm. This condition in the fertilisation stage in question is not due 
to a continuous production of granules, but is an individual variation in the time 
of the production of the secretion. The albumen is formed in the epithelial 
cells prior to the shedding of the ovum, and it accumulates at their surfaces either 
rapidly or more slowly as the case may be. If the former, it is shed in great 
quantity as the egg passes through the tube and the enclosing layer is thick, 
if the latter, the albumen layer is relatively thinner. 


(6) IN roe Lower THIRD OR GLANDULAR REGION OF THE TUBE. 


The fluid albumen is secreted by the glandular cells in the epithelium lining 
the lower third or glandular segment of the Fallopian tube, and to a very slight 
extent by the glandular cells in the upper part of the uterus. 

The upper part of the tube, which forms the dense albumen, merges without 
any sharp transition into the glandular region. As we approach the latter, a few 
isolated glands begin to appear in the corium directly below the epithelium, and 
as one passes back, these gradually increase in number, whilst concurrently with 
the appearance of the glands, the tall columnar epithelium, which lines the upper 
segment, is replaced by cells of a low columnar form and the dense albumen- 


forming cells completely disappear. 
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The low columnar epithelium, which now lines the oviduct, consists of two types 
of cells, the more numerous being of the ciliated non-secretory type (Pl. III. 
figs. 12 & 13, ov.ep.”). The non-ciliated secretory cells (Pl. III. figs. 12 & 13, ov.ep.*) 
are much less numerous and are narrower than the non-secretory variety, whilst 
their apical ends tend to project beyond the free surfaces of the latter. In the 
oviducts from the non-pregnant females we have examined these cells stain darkly, 
whilst their cytoplasm is filled with a finely granular secretion which stains deep blue 
with Pasini’s stain, but does not colour with magenta red, differing in this respect 
from the secretory granules in the cells which form the dense albumen, these granules 
staining intensely with magenta red. 


The granules tend to accumulate at the apices of the cells, causing them to 
project into the lumen of the tube (Pl. III. fig. 12, ov.ep.*), but secretion does 
not take place until the ovum has passed into the tube. These cells are actively 
secretory in the fertilisation stages FC and FE, and their secretion can be seen 
in the lumen in the form ofa very delicate pale staining coagulum easily distinguish- 
able from the globular secretion of the tubal glands which is shed about the same 
time. The secretion is found throughout the glandular region of the tube and in 
the upper part of the uterus, in which latter region the cells are quite active. 


The dense albumen coat, as already stated, is well developed in stage FA, the 
earliest fertilisation stage available, and it is interesting to note that the fluid 
albumen coat is likewise well formed and that the secretory cells in the epithelium 
have shed their secretion and have passed into the resting condition. These 
cells remain active in the uterus for some time after the secretory phase in the 
glandular segment of the tube is over, and they can be seen to contain secretion 
in all the fertilisation stages. They are very obvious in the uterus of Echidna 
A.31.8.28, in which stage certain of the uterine secretions are retarded owing to 
the abnormal development of the egg (PI. IIT. fig. 13, ov.ep."). 


The amount of fluid albumen which is secreted is very small compared with the 
quantity of dense albumen, so that the layer it forms is relatively thin and, owing 
to its fluid consistency, only traces of it are to be found in sections of the fixed egg. 
It probably persists for only a very short time. The dense albumen layer, on the 
other hand, is a much thicker and much more resistant formation, which persists 
for a relatively long time, certainly up to the late primitive streak-head process 
stage in the full-grown egg. By this time it is considerably reduced in thickness, 
so that evidently as the egg increases in size the albumen layer undergoes 
stretching. Whether the amount of albumen round the fertilised egg is sufficient 
to provide for this increase in surface area or whether the latter is conditioned 
by the incorporation of additional secretory material from the tube is a question 
difficult to answer, but the fact that the store of dense albumen secretion in the 
tube lumen diminishes in amount during the growth of the egg favours the second 
alternative. In this event, the two-layered shell must be permeable to the secretion, 
just as it is to the nutritive fluid secretion which is poured into the uterine lumen. 
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_5. FORMATION OF THE TWO-LAYERED SHELL. 


In a previous communication (1933) Prof. Hill has dealt in considerable detail 
with the structure of the Monotreme shell at successive stages in its growth. 
His observations show that the “ shell is very early laid down in the form of a quite 
thin transparent membrane during the passage of the egg through the upper 
(tubal) part of the oviduct.” During its sojourn in the oviduct, the shell-membrane 
thickens, and at the same time a second layer is deposited on its outer surface, 
the shell becoming two-layered. Concurrently the egg is growing in diameter. This 
means that the shell must increase in surface area by the addition of more material, 
whilst at the same time it is also growing in thickness. The main growth in thick- 
ness, however, takes place after the egg has attained a diameter of about 10 mm., 
and is only completed after it has reached its full size. This final increase is brought 
about by the addition of new material on the outside of the original two-layered 
shell. The new layer so formed (layer 3) constitutes by far the greater part of the 
thickness of the completed shell. : 

In the stages previously available, it was difficult to correlate very precisely the 
role played by the different oviducal secretions in the formation of the two-layered 
shell, for that was already well established in the 8-celled egg, the related oviduct 
of which was the earliest one available at that time. The source of layer 3, which 
is laid down in the uterus relatively late, was traceable with much more certainty. 


(a) FoRMATION OF THE BASAL LAYER (LAYER 1) OF THE TWO-LAYERED SHELL. 


The oviducts now at our disposal are those related to the earliest stages in shell 
formation which have been dealt with by Prof. Hill (1933), viz. :—Hchidna 24.7.29 
(stage FA of Flynn and Hill), with a thin homogeneous shell-membrane measuring 
0:0013 mm. in thickness ; Hchidna B.30.7.29 (stage FE of Flynn and Hill), with 
a shell slightly older than that of stage FA, the shell measuring 0-0018 mm. in 
thickness, and differing from the latter in possessing a thin superficial layer which 
stains with eosin; Echidna C.15.8.30 (stage FC of Flynn and Hill), with a two- 
layered shell measuring 0-0045 mm. in thickness. 

The egg of Echidna C.15.8.30 (stage FC) was definitely found in the junctional 
region of the tube, and it is probable the other fertilisation stages also lay in or 
near this region. The material which forms the basal layer of the shell must 
therefore be produced in the Fallopian tube since, as stated above, the earliest 
of these eggs, stage FA, is enclosed in a distinct but thin shell-membrane. This 
material is constituted, we believe, by the secretory globules produced in the tubal 
glands of the lower third or glandular portion of the Fallopian tube. 

The tubal glands are numerous and have the form of cylindrical somewhat con- 
voluted tubules which open directly into the lumen of the Fallopian tube without 
the intervention of any duct. They are lined by a tall columnar epithelium, 
non-ciliated except at their openings, where ciliated cells are also present. These 
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glands elaborate their secretion whilst the ovum is still in the follicle, and some 
of it is already shed before the ovum passes into the tube. In the non-pregnant 
Echidna C.20.7.29 and Echidna B.19.7.30, with ripe full-grown oocytes, the cells 
lining the tubal glands already exhibit secretory activity. Their cytoplasm has 
a characteristic reticular appearance, and in some of the cells the meshes of the 
reticulum are occupied by droplets of secretion, in others the secretion has already 
been shed. In these stages the amount of secretion shed varies considerably, 
the glands of Echidna C.20.7.29 being more active than those of Echidna B.19.7.30. 
This was also the case with the albumen secretion in these two females, the 
oocyte and follicular epithelium of C.20.7.29 being more mature than those 
of B.19.7.30. 

In the early fertilisation stages, in all of which the basal layer of the shell is 
of course already established, the secretory activity of this region varies in the 
different oviducts. The tubal glands seem to be most active in stage FA, which 
is the earliest available stage, possessing only a thin homogeneous shell membrane. 
The gland lumina in this female are large and distended with secretion, and in 
consequence the epithelium presents a very shrunken appearance. In Hchidna FE, 
a later stage than FA, the shell possesses in addition a thin superficial layer which 
stains with eosin and is now thicker, measuring 0°0018 mm. as compared with 
0-0013 mm. in Echidna FA. The glands are not so active as in the latter, and 
there is less secretion in the lumina, some of the secretion having been utilised 
for the increase in thickness of the shell. The shell of stage FC shows a marked 
increase in thickness compared with the just mentioned stages, measuring 0-0045 mm. 
It is now composed of two layers, a basal layer measuring 0-002 mm. in thickness 
and an outer layer 0-0025 mm. in thickness. The tubal glands are very similar 
to those of stage FE, both the epithelium and the lumina of the glands containing 
a quantity of secretion. 

It must be remembered that the Monotreme egg during its sojourn in the uterus 
undergoes a progressive increase in size from a diameter of 4-5 mm. to a diameter 
of about 16-5 x15 mm. (Platypus egg DQ). After attaining a maximum thickness 
of 0-0036 mm. in the 5-6 mm. egg, the basal layer thins out to just half that thick- 
ness in the full-grown egg. This decrease in thickness of the basal layer is not 
sufficient to account for the increase in surface extent it exhibits during the growth 
of the egg, as the result of mechanical stretching alone, and accordingly, as Prof. Hill 
has pointed out, it is necessary to suppose that the basal layer continues to increase 
in surface extent as the result of the incorporation of new material. The source 
of the latter is clearly the secretion which is stored in the lumina of the tubal 
glands as described above. During this growth period, the secretion which is 
stored in the gland lumina either in the form of discrete droplets or in the form of 
a viscous coagulum formed by the coalescence of the droplets, gradually disappears, 
and in Platypus DQ, the egg of which has reached its full size, the epithelial cells 
lining the glands have passed into the resting condition. 
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(6) FormaTIon oF THE RODLET LAayER (LAYER 2) OF THE 
TW0-LAYERED SHELL. 


Since the eggs in the fertilisation stages were probably all situated either in the 
junctional region or in the upper part of the uterus, and since the two-layered shell 
is well established in stage FC, which egg was definitely found in the junctional 
region, it seems fairly clear that the material which furnishes the rodlet layer 
of the shell is produced in this latter region. In our previous communication, 
our conclusions regarding the source of this material were necessarily somewhat 
tentative, since the earliest oviducts then available contained eggs in which the 
two-layered shell was well established. We suggested that the rodlet layer was 
formed partly from the secretion of the tubal glands and partly, if not mainly, 
from the secretions formed in the junctional region of the tube, namely, the fine 
granular secretion of the dilated terminal ends of both the tubal and uterine 
glands and the granular secretion of the uterine type of gland found in this region. 

These assumptions are in part correct, but the results obtained from study of 
the oviducts belonging to the fertilisation stages mentioned above show that the 
main secretion which forms the rodlet layer is furnished by the uterine glands 
themselves, and that its production is not limited to the junctional region as 
we had previously believed. 

The junctional region is not sharply marked off from either the Fallopian tube 
or the uterine portion of the oviduct. It contains both tubal and uterine glands, 
the basal ends of both of which are enlarged to form terminal dilations. The 
epithelium of the uterine glands differs from that of the tubal glands inasmuch 
as the cells composing it are of two distinct varieties. Of these the most numerous 
type of cell is non-ciliated, possesses a clear, granular cytoplasm, a clear, spherical 
nucleus (PI. IV. fig. 16, ep.”), and is actively secretory: whilst the second variety 
(ep.°) is ciliated, is smaller and possesses a more elongated oval nucleus. The 
secretory cells out-number the non-secretory variety in the basal parts of the 
glands, but are much less abundant in their upper portions, towards the gland 
openings. 

The secretory granules are formed in the basal parts of the cells and pass up 
to their apices, where they are stored. In Echidna B.18.7.29 with small ovarian 
eggs, the granules are already in process of passing up to the apices of the cells 
in the deeper parts of the glands, but are still scattered through the cytoplasm 
in the cells in the more superficial regions. In Echidna B.19.7.30 and C.20.7.29 
with full-grown ovarian eggs, the granules are numerous and many of them are 
aggregated at the apices of the cells throughout the glands. There appears, how- 
ever, to be a continuous formation of secretory granules in the deeper parts of the 
glands at this stage, and granules are found scattered throughout the cytoplasm 
of the cells. (Pl. IV. figs. 15 & 16, ep.“ & gr.'). Some of the secretion has been 
shed and is seen in the gland lumina. 
c2 
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In the earliest fertilisation stage FA, the shell of which is merely a thin homo- 
geneous membrane, little or no shedding of the granules has occurred, and they are 
aggregated at the apices of the cells in the superficial parts of the glands (Pl. IV. 
fig. 17, gr.*), whilst in the deeper parts of the glands the granules are still in process 
of formation and lie scattered throughout the cell-cytoplasm (Pl. IV. fig. 18). 
In stage FE, the shell of which possesses a very thin superficial zone which stains 
with eosin, the glands are actively secretory, and in their superficial portions 
the cells have shed their secretion. The secretory granules in the deeper portions 
of the glands are now aggregated at the free surfaces of the cells and are in process 
of being shed. 

We may record here the extremely interesting fact that the glandular cells 
in the more superficial portions of the glands, once they have shed their secretion 
do not pass into a state of inactivity. On the contrary, after a short period of rest, 
they enter on a further and quite distinct phase of secretory activity as also do the 
ciliated cells a little later. Fine granules make their appearance in the basal 
cytoplasm of the cells and are eventually shed. They constitute, we believe, 
the pre-secretory granules of the nutritive fluid which is produced in considerable 
abundance in the upper and middle parts of the uterine glands in later stages. 
The granules in question stain red with acid-fuchsin and Pasini’s stain, whereas 
the first formed granules we are now discussing stain a deep blue with Pasini’s 
stain, and so are easily distinguished from them. 

In Echidna FC the shell, curiously enough, is two and a half times thicker than 
that of the later stage FE, measuring 0-0045 mm. as against 0-0018 mm. in the latter. 
This greater thickness is partly due to an increase in the thickness of the basal 
layer, which now measures 0-002 mm., but mainly to a striking increase in the 
thickness of the rodlet layer, which is here a quite definite layer with a thickness 
of 0-0025 mm. If we compare the secretory activity of the glands in these two 
stages, we find that in both the cells in the upper portions of the glands have shed 
their secretion, but in stage FE the secretion is still present in the gland lumina 
as a dense coagulum, whilst in stage FC it has been utilised in the formation of 
the shell and only traces of it can be seen in the lumina (Pl. V. fig. 19, sec.). 
Deeper in the glands the secretory granules are in process of being shed ; in stage 
FE a considerable quantity of secretion is still present in the cells, whilst in 
stage FC most of the secretion has passed into the gland lumina (PI. V. fig. 20, gr'.) 
Traces of this secretion are still to be seen in the uterine gland lumina in 
Platypus IA and Platypus IB (early cleavage stages) and also in Echidna B.8.8.30. 

Here again, in the deeper portions of the uterine glands we meet with the same 
phenomenon of the successive formation of two distinct secretions in the secretory 
cells as we have recorded above for the cells in the superficial portions of the 
glands, but it is important to note that the secretory products resulting from this 
second phase of activity are quite different in the two regions. In the deep cells 
the secretory granules of the second phase of activity are coarser than those first 
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formed, and they stain red instead of blue with Pasini’s stain, so that they are 
easily distinguished from the latter. They constitute, we suggest, the precursor 
of the material which later forms layer 3 of the shell. 

In addition to the secretory material formed in the uterine glands in this region, 
yet another secretion remains to be dealt with. As previously described (Hill, 
1933), the basal ends of the tubal and uterine glands situated in the junctional 
region and the upper segment of the uterus are characteristically modified, inasmuch 
as they take the form of definite dilations, more or less spherical and lined by an 
epithelium differing in character from that of the upper portions of the tubal 
and uterine glands. The latter is of the tall columnar type, whereas in the 
dilations, it is low columnar or cubical and composed of alternating ciliated and 
non-ciliated cells. These latter cells are secretory and produce a finely granular 
material which is shed slightly later than the secretion of the tubal glands, but 
concurrently with that of the uterine glands. In the non-pregnant stages this 
secretion is not being shed, but in the earliest fertilisation stage, FA, the cells are 
in process of shedding their secretion, the bulk of it being found in the lumina 
of the dilations. 

In stage FA the dilations are more numerous in the tubal gland and junctional 
regions than in the upper segment of the uterus. In stage FE, on the other hand, 
they are more numerous in the latter segment, where they are actively secretory. 
The cells still contain small quantities of the fine granular secretion (Pl. V. fig. 23, 
ep.d.gl'.), but most of it has been shed into the lumina of the dilations (Pl. V. 
fig. 22, sec.d.gl.), where it can be seen in the form of fine discrete granules, 
quite distinct from the more homogeneous secretory coagulum of the tubal and 
uterine glands. 

In stage FC, in which the rodlet layer is more developed, the cells lining the 
dilations are almost empty of secretory granules, and their secretion can be seen 
in great abundance in the gland lumina, along with and easily distinguishable 
from the tubal and uterine gland secretion. 

The foregoing facts seem to suggest that the rodlet layer of the two-layered shell 
is formed from two secretions, that of the uterine glands in the junctional region 
and upper part of the uterus, and that of the dilated basal ends of both tubal 
and uterine glands. 

One of the most interesting observations which the present investigation has 
yielded is that of the primary secretory activity of the uterine glands which was 
not apparent in the later stages previously examined. This primary granular 
secretion is produced by the uterine glands throughout the extent of the uterus, 
though in greatest abundance, as already stated, in the junctional region and upper 
part of the uterus, where the rodlet layer is, we believe, laid down. As we have 
seen, this layer, when it first appears, is perfectly homogeneous, but it does not 
remain so for long and relatively early (Platypus B. diameter intact egg 6-5 mm., 
after removal of the shell 4:3 mm.; blastodisc stage, disc 0-41 x0-36 mm. in 
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diameter) it comes to consist of a lighter staining matrix in which there are present 
minute fairly close-set, more darkly staining bodies, disposed radially and rod- 
shaped or conical in form. These bodies are the forerunners of the rodlets, 
which in Platypus 8 (egg, 6-25 mm. in diameter, stage of spreading blastodermic 
membrane, shell-thickness 0-011 mm.) are well established. The rodlet layer 
measures 0-009 mm. in thickness, and consists in its superficial half of discrete 
radially disposed rodlets with a length of about 0-005 mm., separated by a clear 
matrix substance. Their apical ends reach the surface whilst their basal ends 
merge into an undifferentiated zone resting on the basal layer. 

The rodlet layer increases in thickness as well as in surface extent during the 
subsequent growth of the egg, the rodlets reaching a maximum length of 
0-019-0-021 mm. in Wilson and Hill’s Platypus egg E. According to Prof. Hill’s 
description ‘“‘ They (the rodlets) have attained their full length and are still in 
continuity below with the basal layer. Their arrangement in groups is more 
evident than in shell DD (diameter of egg 109-5 mm., Primitive streak stage), 
whilst the spaces between the groups are wider and more distinct.’”’ The arrange- 
ment of the rodlets into groups is due to the stretching of the basal layer as the 
egg grows in size through the assimilation of the nutritive material produced 
in the upper and middle segments of the uterus. It seems highly probable 
that the increase in length of the rodlets takes place at the expense of the secre- 
tion from the uterine glands which is stored in their dilated ends, whilst the 
finer granular secretion of the dilations themselves forms the matrix in the spaces 
between the rodlets. 

The formation of the rodlet layer from two secretions can perhaps be better 
understood if we digress for a moment and examine the shell of the abnormal 
ego, Hchidna A.31.8.28, with a diameter of 5-9 mm. The germinal disc of this egg 
is unsegmented and shows evident signs of retrogression, whilst apparently, as the 
result of an excessive infiltration of fluid, the egg has attained an abnormally 
large size. Its passage through the oviduct has been retarded, and in correlation 
with this the tubal and uterine glands exhibit an enormous over-production of the 
secretions which we believe are concerned with the formation of the two-layered 
shell. The shell is abnormally thick, measuring 0-025 mm., a thickness which 
corresponds to that of the shell of a much later egg, e. g., Platypus egg PP (a primi- 
tive streak-head process stage) with a diameter of 12-5 mm. (Wilson and Hill, 
1907). The shell consists of three distinct layers, a homogeneous inner or basal 
layer measuring 0-0048 mm., a rodlet layer measuring 0:02 mm. composed of 
closely packed rodlets, and an irregular outer layer composed of a fine granular 
material measuring 0-001 mm. The basal layer is considerably thicker than that 
of other shells of comparable thickness, for in eggs PP & E, whose shells measure 
respectively 0-023 and 0-0036 mm. in total thickness, the basal layer in the former 
measures only 0-0018 and 0:0015 mm. in the latter. The diameter of these two 
Platypus eggs is, however, just about double that of the abnormal egg under © 
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discussion and considerable stretching of the basal layer has occurred, whereas 
in the latter very little stretching of this layer has as yet taken place, ‘with the 
result that the rodlets, although they have attained their full length, have not 
separated and lie closely packed together, whilst the fine granular matrix which is 
usually found between the rodlets appears as a fine granular material on their outer 
ends. Layer 3 (measuring about 0-012 mm. in the shells of eggs PP & E) is not 
yet formed. In correlation with these peculiarities in shell structure, the glands 
exhibit an enormous over-production of the secretions. The cells lining the tubal 
glands still contain numerous droplets of secretion in the meshes of the cytoplasmic 
reticulum, despite the thickness of the basal layer, whilst the uterine gland cells 
producing the secretion which we believe forms the rodlets, are extremely active 
and still contain a large quantity of the granules which stain blue with Pasini’s 
stain. Furthermore, the basal dilations of these glands also contain quantities 
of secretion in the cells as well as free in the lumina, and the appearance of the shed 
secretion is identical with that of the outer granular layer on the surface of the shell. 


6. FORMATION OF LAYER 3 OF THE SHELL. 


As we have already pointed out (vide p. 12), the glandular cells in the epithelium 
lining the uterine glands both in their superficial and deeper segments produce 
three quite distinct secretions. The first formed or primary secretion, as we have 
just seen, is probably concerned with the formation of the rodlets of the two- 
layered shell. It is produced exclusively in the non-ciliated glandular cells 
(ep.*), and is shed comparatively early in the superficial regions of the glands 
and somewhat later in their deeper portions. When this secretion has been shed, 
the secretory cells (ep.*) enter on a short resting phase and eventually at the end 
of that, begin to elaborate a second crop of granules, whilst identical granules 
are also formed a little later in the ciliated cells (ep.°). These granules differ in 
their character and significance in the superficial and deeper parts of the glands. 
The granules in the superficial portions are, we believe, the precursor of the 
nutritive fluid produced in the uterus (v.p. p. 17), whilst those in the deeper 
portions give origin to the outer protective layer of the shell (layer 3). These 
later secretions are much more plentiful than the primary, and the secretory granules 
only begin to appear in the cells during the early cleavage stages (Platypus IA, 
Echidna T.L.B. (Hill, 1933)), consequently they are not seen in the fertilisation 
stages, and they are not shed until the egg has advanced considerably in develop- 
ment, e. g., in Platypus [X with an egg in the blastodisc stage and measuring 9 mm. 
in diameter, the secretion for layer 3 is in process of being shed, though the nutritive 
secretion begins to be discharged at a somewhat earlier stage, as we shall see in the 


next section. 
The formation and shedding of the secretion for layer 3 of the shell have already 
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been described in detail in our previous communication (1933), and to that descrip- 
tion the reader is referred. To recapitulate briefly :—In the secretory cells in the 
deeper portions of the uterine glands which have previously shed their primary 
secretion a second crop of secretory granules appears in minute vacuoles in the 
cytoplasm in close proximity to the nucleus, and from there they spread to become 
aggregated at the apical ends of the cells. They are larger and more variable 
in size than those of the primary secretion, and are formed in both types of cells 
(ciliated and non-ciliated) lining the uterine glands (ep.’ & ep.*). The two secre- 
tions stain quite differently ; the first or rodlet secretion stains blue with Pasini’s 
stain and does not stain with Altmann’s acid-fuchsin, whereas the later (layer 3) 
secretion stains red with Pasini’s stain and also with acid-fuchsin. 


We have already referred to the oviduct of Echidna A.31.8.28 with its contained 
abnormal egg (ante, p. 14) and its correlated over-production of the early secretions. 
We mention it again because it provides a further striking illustration of the 
phenomenon described above of the production of two distinct secretions 
by one cell; but whereas these are normally formed in succession, with 
a time interval between the secretory processes, here the two secretions occur 
together in one and the same cell (Pl. V. fig. 21). The uterine gland cells have 
elaborated an excessive amount of the fine granular secretion, and although much 
of this has been shed, a considerable quantity is still found at the apical ends of the 
cells (fig. 21, gr."). In these same secretory cells, despite the presence of this secretion, 
other granules larger in size occur in minute vacuoles in close proximity to the nucleus, 
which can be easily distinguished from the first formed granules by their size and 
staining reactions (fig. 21, gr.”). From their appearance and staining qualities, 
they are to be regarded as the precursors of the secretion which forms layer 3 of the 
shell (compare Pl. V. fig. 21 with Pl. VI. fig. 29 of our previous work (1933)). 


The main bulk of the material which forms the rodlet layer is produced in the 
upper segment of the uterus, and only in very small amount in its lower portion, 
whilst just the reverse is true for the second more voluminous secretion concerned 
with the formation of layer 3. Furthermore, this latter secretion is formed in both 


types of cells lining the uterine glands, whilst the rodlet material is formed only 
in the «-type cells. 


These two secretions differ not only in the size, staining reactions, and time of 
formation of their granules, but also in the way they are shed from the cell. The 
rodlet secretion accumulates at the apex of the cell, the surface membrane 
ruptures, and the whole mass of secretion is shed into the lumen, leaving a clear 
vacuolar space at the surface of the cell (Pl. V. fig. 19, vac.). The granules liquefy 
in the lumen of the gland and the secretion appears there in the form of a homo- 
geneous coagulum. The secretion which forms layer 3 of the shell—and the same 
holds true for the nutritive secretion in the superficial and middle parts of the 
glands—also accumulates at the apices of the cells and causes them to bulge into 
the gland lumen. The projections so formed are in this case cut off as minute 
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granule-filled cytoplasmic masses which can be seen in the gland lumina as 
irregular bodies, suggestive at first sight of cellular debris (cf. Pl. V. fig. 19, vac. and 
Pl. VI. fig. 31, of our previous communication). Eventually the granules liquefy 
and the fluid diffusing out appears in the sections as a coagulum, whilst the 
cytoplasmic matrix is left as a minute granule-free, light-staining mass which 
presumably disintegrates and becomes added to the secretion. 


7. THE NUTRITIVE FLUID OF THE UTERUS. 


The nutrient material which is absorbed by the egg during its growth is produced 
in the epithelial cells lining the superficial and middle parts of the uterine glands 
as soon as the secretory material concerned with the formation of the rodlet 
layer is shed. The secretion is very plentiful and is finely granular in form. 
It early passes up to the apices of the cells causing them to project markedly 
into the lumina of the glands, and these projections and the enclosed secretion 
are eventually cut off as small vesicles which come to lie in the gland lumina. 
Eventually the granules appear to liquefy, and the resulting fluid passes through 
the enclosing cytoplasmic covering into the uterine lumen, where it is absorbed 
by the growing egg. This liquefaction of the secretion does not happen until 
the egg has formed a complete unilaminar blastodermic membrane (Platypus VIII 
with two uterine eggs measuring 6-5 x 6-75 mm. in diameter respectively), and so 
is capable of absorbing the secretion. The cells lining the upper parts of the glands 
have finished their secretory activity by the time the egg has attained a diameter 
of about 9 mm., and further increase in the size of the egg takes place at the 
expense of the finely granular secretion which is found in great abundance in the 
cells in the middle regions of the glands. The uterine glands have completely 
ceased production by the time the egg has attained a diameter of 1615 mm. 
(Platypus DQ) i. e., when it has reached full size. In this stage the cells of the upper 
and middle regions of the glands have regained their resting condition, and so we 
must assume that, during the final stages of its sojourn in the uterus, the egg makes 
use of the surplus of the abundant secretion earlier formed and which is still to be 
seen as a coagulum in the uterine lumen in this stage. 

Details of the formation of this nutritive fluid are given in our previous work 
(1933), and the reader is referred to that account for a more detailed description. 


8. DISCUSSION. 


The secretory activity of the oviduct begins relatively early in the reproductive 
cycle, and some of the secretions had already been shed in the oviducts related 
to the cleavage stages which had previously constituted our earliest material, 
so that a detailed description of their formation could not be given. It is now 
possible, from a study of the earlier oviducts which have since become available, 
to supplement our original description and to give more accurate details of these 
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secretions, particularly of those concerned with the formation of the albumen coat 
and the two-layered shell, both of which were fully established in the egg belonging 
to the earliest oviduct previously examined (Hill, 1933). 

Furthermore, the infundibular funnel produces a voluminous secretion, which 
is shed sometime before the ovum leaves the follicle, and which disappears during 
the fertilisation stages (stages FA, FC, FE), so that no trace of it was seen in the 
stages which we previously described. 

The formations which owe their origin to this early secretory activity of the 
oviduct are three in number, namely :—(1) the infundibular secretion, (2) the 
albumen layers, and (3) the two-layered shell. I propose now to summarise briefly 
the data bearing on the origin of these three categories. 


(1) FoRMATION OF THE INFUNDIBULAR SECRETION. 


The clear fluid secretion produced by certain cells in the epithelium lining the 
infundibular funnel is elaborated before the oocyte leaves the follicle. When the 
ovary contains young oocytes only, the infundibular membane does not envelop 
it, but as the oocytes reach maturity it completely encloses the ovary, and the 
space between becomes filled with a clear fluid secretion which coagulates under 
the action of fixatives to form a translucent jelly-like material. As the result, 
the infundibular membrane in preserved material is found to be closely adherent 
to the surface of the ovary. These relations insure that the ovum when shed 
from its follicle passes directly into the lumen of the Fallopian tube. This infun- 
dibular secretion was first observed by Richard Owen in 1834. In his account 
of the ova of Ornithorhynchus he writes (1834, p. 559) as follows :—* The left ovary 
in each of the specimens was concealed by a thin membrane, forming the expanded 
orifice of the oviduct. In one of these it was with some difficulty it could be 
withdrawn from the Fallopian aperture, owing to the adhesion which was produced 
by what appeared to be a coagulated secretion ; a circumstance which must have 
effectively ensured the passage of the ovum into the oviduct.” Later observers 
have also noted the occurrence of this characteristic secretion. In MS. notes in the 
possession of Prof. J. P. Hill, Mr. A. G. Hamilton records that on August 20, 
1884, he shot four female Platypus and goes on to state that “ in all, the membranes 
round the left ovaries were greatly distended and full of fluid and the left uterus 
greatly enlarged. The fluid round the ovaries when put in spirit coagulated like 
albumen.” Burrell (1927, p. 180) states that in a Platypus with the exceptional 
number of three eggs in the uterus, the ovary was “ partly covered with a crystal 
jelly encased in a thin transparent film.” In Echidna, also, the same secretion 
is constantly present round the mature ovaries, as Prof. Flynn and we ourselves 
have observed. 

A similar secretion is not found in the infundibular funnel of the bird’s oviduct, 
although according to some observers the infundibulum envelopes the ovary, 
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or at least the ripe follicle just prior to ovulation. Coste (1874) states that the 
infundibulum actually clasped the follicle before ovulation, and that the pressure 
exerted was probably a causative factor in ovulation, and this view was accepted 
by Patterson (1910), although he supplied no details of his own observations. 
More recently, however, Warren and Scott (1934) have studied the act of ovulation 
in the hen’s egg, and their observations show that the infundibulum and follicle 
were closely associated in less than 50 per cent. of the birds they studied, that the 
action of the infundibulum was entirely at random in the remainder, and that in no 
case was there any pressure exerted on the follicle prior to ovulation. 

The infundibular funnel in the reptiles is also large and probably encloses the 
ovary during ovulation, but, apart from the statement of Giersberg (1922-23) 
that there is no secretory activity in the infundibular funnel, we can find no observa- 
tions in the literature concerning ovulation in these forms. 

In addition to the secretion formed in the infundibular funnel, a number of 
mucous-secreting cells are found in the epithelium lining the infundibulum itself, 
either singly or in small groups at the bases of the folds, which shed their somewhat 
meagre secretion during the early fertilisation stages. Secretory cells (mucous), 
similar to those present in the Monotreme infundibulum, as well as tubular glands, 
have been described in the lower “ chalziferous region ”’ (as defined by Richardson, 
1935, p. 154) of the infundibulum in the bird by various workers (Giersberg (1922), 
Surface (1912), and Richardson (1935)), but are only found to a limited extent 
in the upper expanded funnel region. According to Richardson (1935), the funnel 
region in the bird is lined by a uniformly ciliated epithelium except over the shallow 
“ glandular grooves’ (Surface, 1912) which occur between the major folds, and 
which are lined by non-ciliated cells of a glandular type. Richardson (1935) 
was not able to identify any secretion from these glandular areas, and he suggested 
that their secretion, if any, is probably concerned with facilitating the passage 
of the egg into the albumen region of the tube. Giersberg (1922), however, 
states that they produce a fluid secretion during the time the eggs are present 
in the lower part of the infundibulum. According to his description, this fluid 
is a homogeneous material not unlike blood plasma which penetrates into the egg, 
causing the yolk to expand and making it more elastic, and so rendering the egg 
less liable to injury during its passage through the oviduct. It is to be noted, 
however, that this secretion, although well developed in the bird and tortoise, 
is not found in lizards or snakes, both of which have yolk-laden eggs. 

Comparison of the yolk in the full-grown oocyte and in fertilisation stages of 
the ovum of Echidna failed to reveal any differences in the distribution or size 
of the yolk-spheres, so that whatever may be the function of this mucous secretion 
in the reptiles, it does not appear to be related to the yolk in the Monotreme, 
and we can only fall back on the suggestion of Richardson (1935) that it may, like 
the much more voluminous secretion of the infundibular funnel, facilitate the 


passage of the ovum into the Fallopian tube. 
D2 
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(2) FoRMATION OF THE ALBUMEN LA’. ERS. 


The albumen layer in the Monotreme is relatively thin compared with that 
present in the eggs of Chelonians, Crocodiles, and Birds. As we have seen, it 
consists of two parts: a dense relatively thick layer, which becomes closely applied 
to the zona, the two layers forming the zona-albumen layer of Flynn and Hill 
(previously identified as the greatly thickened zona), and a much thinner and 
more fluid layer which lies between the latter and the shell-membrane (the albumen 
layer of our original description). 

The albumen is formed in the secretory cells of the lining epithelium of the 
Fallopian tube, the dense variety in the cells lining the upper two-thirds of the 
tube, and the fluid variety by similar cells in the lower third or glandular segment 
of the same. 

The egg-white in the bird is formed like that of the Monotreme in the upper 
part of the oviduct. In the laid egg it consists of the dense chalaziferous membrane 
and chalazz, and layers of dense and more fluid liquid albumen, the latter, according 
to Asmundson and Burmester (1936), being formed in the uterine portion of the 
oviduct. The albumen-forming part of the oviduct consists of the infundibulum 
and the adjoining “albumen region.”’ Richardson (1935) has subdivided the 
infundibular region into two parts, viz.: the infundibular funnel and the chalazi- 
ferous region. The latter begins about 3-5 cm. back from the funnel lips, and 
according to him contains tubular glands similar to the glandular grooves of Surface, 
the secretion of which forms the chalazze and the chalaziferous layer round the 
yolk. True albumen glands appear among the tubular chalaziferous glands, and 
this region gradually merges into the “‘ albumen region” proper. This region 
forms the bulk of the albumen (ovalbumen) and passes over into the isthmus. 

Mucous (goblet) cells are present throughout this region ; in the infundibulum 
the secretion seems to be concerned in facilitating the passage of the egg into the 
tube proper, but in the albumen region, particularly at its caudal end where such 
cells are more numerous, they produce, according to Richardson (1935), a con- 
stituent part of the egg-white, viz., its glucoprotein constituent. These com- 
ponents of the egg-white (comprising, according to Needham (1931), glucoprotein 
(ovomucin, ovomucoid), ovalbumen, conalbumen) have not been actually localised 
in the oviduct, but according to evidence produced by Richardson (1935), it is 
probable that the albumens are produced in the albumen glands (ovalbumen), 
and that the glucoproteins are produced in the goblet cells of the lining epithelium, 
since maximum secretory activity of these cells is shown to coincide with albumen 
formation, and the secretion continues to be formed after the egg has passed into 
the more caudal part of the oviduct. 

Recently Cole (1938) has claimed that variations in the consistency of the 
albumen are due to differences in the amount of mucin-like fibres present in it. 
These fibres he holds are derived from the goblet cells in the albumen region, 
and are probably of the nature of glucoprotein (cf. Richardson). 


a 
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In the absence of any knowledge of the chemical nature of the albumen in the 
Monotreme, it is not feasible to attempt to compare it with that of the bird. 
Moreover, a comparison on a histological basis does not appear to be very helpful 
in view of the fact that the albumen secretion in the epithelial cells of the Monotreme 
oviduct presents a greater similarity to the secretion of the cells in the albumen 
glands of the bird than to the mucoid-like secretion of the goblet cells of the oviducal 
epithelium of the same, which is regarded as furnishing the gluco-protein con- 
stituent of the egg-white. Although the albumen secretion in both the Monotreme 
and the Bird appears in the form of granules in the secretory cells, the subsequent 
history of the latter is different in the two, since in the Monotreme the granules 
are shed as such and only coalesce after extrusion to form a fluid material, whereas 
in the Bird the albumen (ovalbumen) is described as being shed in a fluid state 
(Turchini (1924), Richardson (1935)). 


(3) FORMATION OF THE TWO-LAYERED SHELL. 


The Monotreme shell, according to Hill (1933), is early laid down in the form of 
a quite thin transparent membrane during the passage of the egg through the upper 
(tubal) part of the oviduct, and before the egg reaches the uterus proper this 
membrane has markedly increased in thickness, and at the same time a second 
layer is deposited on its surface, the shell becoming two-layered. As the egg grows 
in diameter in the uterine segment of the oviduct, so the shell increases in surface 
area as well as in thickness, but the main growth in thickness (due to the deposition 
of layer 3) does not begin until the egg has attained a diameter of about 10 mm., 
and is only completed after the egg has attained its full size. This layer (layer 3) 
constitutes by far the greater part of the thickness of the shell and is laid down in the 
uterus. 

In our previous communication we discussed the homologies of the Monotreme 
and Sauropsidan shell, and suggested that the two-layered shell might be compared 
to the shell-membrane of the shell of the bird and the outer layer 3 to the calcareous 
part of the same. In Prof. Hill’s opinion “ the Monotreme shell must be held to 
have undergone the maximum modification in the course of Phylogeny.” Its 
structure, as he points out, ‘‘ must be such as will enable it (1) to expand during 
the growth of the intra-uterine egg ; (2) to transmit the nutritive fluid necessary 
for the development of the embryo ; and (3) to act as an efficient protective covering 
to the laidegg.”” Thestructure of the two-layered shell is admirably adapted for the 
first two purposes, whilst the protective layer of the shell is only completed after 
the increase in size has been effected and the absorption of the nutritive fluid has 
taken place, i. e., when the intra-uterine egg has attained its full size. 

The shell, as we have seen, is laid down as a homogeneous membrane in the upper 
or tubal part of the oviduct, and in the earliest fertilisation stage, F'A, it appears 
as a thin homogeneous membrane measuring 0:0013 mm. iv thickness. In 
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stage FE, also a fertilisation stage, this layer has increased somewhat in thickness, 
measuring now 0-0018 mm., whilst in addition a very thin superficial layer has 
appeared on its outer surface. These eggs probably lay in or close below the 
junctional region, since the egg of stage FC (also a fertilisation stage) was definitely 
found in that region. The secretion which is concerned in the formation of the 
basal layer (layer 1 of the shell) is, we believe, the globular secretion elaborated 
and shed from the tubal glands before the ovum leaves the follicle. This secretion 
is stored in the gland lumina and is gradually utilised for the subsequent growth 
of the basal layer in thickness as well as in surface extent. 

The formation of the rodlet layer is somewhat more complex. This layer was 
already established in the egg from the earliest oviduct previously at our disposal. 
We then suggested that it was formed from the secretions of the glands present 
in the junctional region, viz.: the tubal glands, uterine glands, and the basal 
dilations of both these glands. Study of the oviducts related to the early fertilisa- 
tion stages, however, suggests the view that the secretion of the tubal glands 
is not concerned with the formation of the rodlet layer, but passes through it to 
supply the material for the growth in thickness and surface extent of the basal 
layer, by far the greater part of that growth occurring after the formation of the 
rodlet layer. 

The material which we believe forms the main bulk of the rodlet layer is the 
fine granular secretion (the primary secretion as we have termed it) of the uterine 
glands in the junctional region and upper portion of the uterus. This secretion 
is very plentiful. It is elaborated relatively early, but is not shed until just prior 
to the appearance of this layer. In stage FA (the earliest fertilisation stage) 
the latter has not yet been formed, and the secretory granules in greater part lie 
aggregated at the apices of the cells of the uterine glands, only a small amount 
of secretion having been shed. In Echidna FE (a later stage), the rodlet layer 
takes the form of a thin homogeneous layer on the surface of the basal layer. 
The apical ends of the uterine gland cells have now shed their secretion, which 
is present in considerable quantity in the gland lumina. The layer is better 
developed in Echidna FC, and now measures 0-0025 mm. in thickness ; it is still 
homogeneous in appearance except for an irregular layer of coagulum on its surface. 
The uterine glands are actively secretory, and much of the secretion in the gland 
lumina has been utilised in the growth of this layer. The rodlets were first seen 
in Platypus egg B, the shell of which is a quite transparent membrane measuring 
0°0036 mm. in thickness. According to Prof. Hill’s account of this egg-shell 
“ the outer (rodlet) zone is no longer homogeneous but seems to consist of a lighter 
staining matrix in which are present close set darkly staining bodies disposed 
radially and rod-shaped or conical in form.” As the egg grows the basal layer 
expands and the rodlets become separated, whilst the spaces between them become 
filled with a clear matrix. The rodlets themselves we suggest, take origin from the 
secretory material formed in the uterine glands, whilst the matrix between the 


THE DEVELOPMENT OF THE MONOTREMATA. 23 


rodlets is formed from the fine granular secretion of the cells lining the dilated 
basal ends of these glands, which is shed slightly later than that of the uterine 
glands proper. Both secretions are stored in these basal dilations and are gradually 
utilized as the shell grows in thickness and in surface extent. Later (Platypus DD, 
10 mm. egg) fine granules appear in the matrix in close relation to the rodlets, 
and these granules persist and are still recognisable in the laid egg. Their origin 
is unknown. 

The secretory activity of the uterine glands does not terminate with the shedding 
of the primary or rodlet secretion. On the contrary, they enter ona further and 
quite distinct phase of functional activity, which results in the production of two 
quite different secretions. The cells lining the superficial and middle parts of the 
glands proceed to elaborate a finely granular secretion, which we believe con- 
stitutes the nutritive material which is absorbed later by the egg. Whilst the 
cells lining the deeper portions of the glands form a coarse granular secretion, 
which is shed considerably later than that of the more superficial portions of the 
glands and constitutes the material which furnishes the outer protective layer 
(layer 3) of the shell. 

The formation of the primary or rodlet secretion in the uterine glands was not 
seen in the cleavage stage oviducts, which were the earliest previously available 
for study, since in those stages the rodlet layer was already well established and 
the glands were in process of forming the later secretions, viz., the nutritive 
secretion and that furnishing layer 3 of the shell. 

This formation of three distinct secretions (rodlet-, nutritive fluid-, and layer 
3-secretion) by the uterine gland cellsis undoubtedly a very interesting phenomenon, 
but the production by one and the same cell of two or more secretions is not unique. 
Ludford (1925) has shown that in the epididymis, certain of the secretory cells form 
several distinct secretions at different phases of the secretory cycle, and this 
observation has more recently been confirmed by Nassonov (1927). 


(4) CoMPARISON OF THE SHELL IN THE MONOTREME AND BIrD. 


A study of the mode of formation of the shell in the Monotremata and in the 
Bird shows that, although these shells differ in their detailed structure, the layers 
of the shell are more or less comparable structures. The shell-membrane in both 
cases is derived from a secretion produced in the lower part of the Fallopian tube, 
viz., the tubal gland region in the Monotreme and the isthmus region in the Bird. 
This layer differs, however, in its structurein the two groups, for the shell-membrane 
of the Bird is fibrous in nature, being formed of fibres of ovokeratin, whilst that of 
the Monotreme consist of a homogeneous presumably keratinous material. 

The rodlet layer of the Monotreme appears to have no true homologue in the 
Bird and would seem to be a specialised adaptive modification, which, in addition 
to being permeable and to some extent supporting, allows for the expansion of the 
shell during the time the egg is absorbing nutrient materials from the uterus. 
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It is formed, we believe, by the secretions of the glands in the junctional and upper 
portions of the oviduct, a region which might reasonably be said to correspond 
to the relatively inactive isthmo-uterine junction in the oviduct of the Bird. 

The main thickness of the shell is formed in the uterus in both cases. In the 
Bird it consists of a keratin framework infiltrated with calcium salts. This latter 
material, indeed, forms the main bulk of the shell, and according to Giersberg (1922) 
is transported to the shell by the thin albumen secreted in the uterine glands in the 
form of calcium albuminate. Richardson (1935), using micro-incineration methods 
on the uterus of the fowl, finds that it is impossible either to confirm or deny 
Giersberg’s contention, but he seems inclined to accept his view as to its origin, 
since he has been able to show that the granules in the uterine epithelium, which 
Turchini (1924) believed were the pro-secretory phase of the calcium secretion, 
are not calcareous in nature, and that their appearance and reaction to acids are 
more consistent with the assumption that they are concerned with the formation 
of the keratinous shell-matrix. On the other hand, the main part of the Monotreme 
shell consists of keratinous material which may contain a small quantity of calcium 
salts. This keratinous material is formed by the secretion produced by the cells 
lining the deeper portions of the uterine glands. If Giersberg’s view is substanti- 
ated, then it would seem that the material forming the main bulk of the shell has 
a comparable origin in the Monotreme and the Bird. 


9. SUMMARY. 


1. The Fallopian tube is lined by a single layered columnar epithelium, which 
varies in height and in cellular character in different parts of the tube. In the 
oviducal funnel (infundibulum) it is of the tall columnar type, and is composed 
of two types of cells, non-ciliated secretory and ciliated non-secretory. The 
secretory cells form a clear fluid which coagulates under the action of fixatives 
to form a translucent jelly-like material. This fluid is elaborated during the 
growth of the oocyte and is shed just prior to ovulation. It is very plentiful and 
completely fills the space between the ovary and the infundibular membrane which 
comes to enclose the ovary sometime before the oocytes have attained their full size. 


2. The oviducal funnel passes over into a narrow, thicker-walled neck region 
which is lined by an epithelium similar to that lining the funnel proper except 
that its cells are not actively secretory. It contains, however, a number of mucoid 
cells which closely resemble goblet cells in appearance and which lie scattered 
through the epithelium or are aggregated in groups of 2-3 cells at the bases of the 
folds. These cells form a clear mucoid-like secretion which is shed into the lumen 
of the tube just before the egg leaves the follicle and during the early fertilisation 
stages. It is not a very plentiful secretion and probably merely serves, like the 
infundibular secretion, as a lubricant which facilitates the passage of the egg into 
the upper part of the tube. 


ae 
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3. Behind the infundibular and neck regions the Fallopian tube is lined by a 
tall columnar epithelium, which is concerned with the formation of the albumen 
of the egg. This albumen coat consists of two parts; an inner, denser, and thicker 
layer which forms, with the extremely thin zona, the zona-albumen layer of Flynn 
and Hill, and a more fluid, much thinner layer between the latter and the shell- 
membrane. 

The dense albumen is formed in the non-ciliated cells of the epithelium lining 
the upper two-thirds of the tube as a finely granular material, which becomes 
aggregated at the apices of the cells. This secretion is very plentiful; a small 
quantity of it is shed before the oocyte leaves the follicle, but its main bulk is shed 
during the fertilisation stages, after the egg has reached the Fallopian tube. 


4. The fluid albumen is secreted in the lower third or glandular segment of the 
tube, no dense albumen being formed in this region. The fluid albumen is secreted 
by elongated non-ciliated cells, which shed a finely granular material into the 
tube-lumen slightly later than the dense albumen (fertilisation stages) and con- 
currently with the secretion of the tubal glands. This secretion can be seen as 
a very fine flocculent material in the lumen of the tube, which can easily be dis- 
tinguished from the more homogeneous coagulum formed by the secretion of the 
tubal glands. Compared with the dense albumen, the amount of fluid albumen 
produced is quite small. 


5. The secretory activity of the upper two-thirds of the Fallopian tube is con- 
fined to certain cells of the lining epithelium, but in the lower third or glandular 
region, in addition to the secretory epithelial cells, numerous convoluted glands 
appear in the mucosa. These glands (tubal glands) form a very plentiful fluid 
secretion which is in process of being shed before the ovum leaves the follicle. 
This secretion is produced earlier than required, and so is stored in the lumina 
of the glands and in their dilated basal ends, and is only later utilised for the 
formation and subsequent growth of the basal layer of the two-layered shell. The 
egg increases in diameter from 4 mm., when this layer first appears (Echidna FA), 
to 16-515 mm. in the full-grown egg (Platypus DQ). During this time the 
basal layer first increases in thickness, reaching a maximum of 0-0036 mm. in 
Echidna A.23.7.29, an egg with a diameter of 5-6 mm., and then gradually thins 
out until it reaches a thickness of 0-0018 mm. in the full-grown egg. These changes 
in the basal layer are not simply the result of mechanical stretching, but the layer 
grows in surface extent as the result of the intussusception of new secretory 
material stored in the gland-lumina. 

6. In the junctional region between the tubal and uterine segments of the 
oviduct, tubal glands are still numerous, whilst uterine glands have made their 
appearance and, as the uterine segment is approached, gradually replace those of the 
tubal variety. Definite spherical dilations of the basal ends of both types of glands 
are present in this region. The uterine glands are lined by a tall columnar epi- 
thelium composed of ciliated and non-ciliated cells. The latter are secretory 
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and produce a fine granular secretion. The secretory cells are not numerous in 
the upper portions of the glands, but in their deeper parts they outnumber the 
non-secretory variety. The secretion is shed just prior to the appearance of the 
rodlet layer of the shell (stage FC). It is stored in the dilated basal ends of the 
glands and is concerned, we believe, with the formation of the rodlets of the rodlet 
layer. 

The secretion formed by the cells lining the basal dilations of the tubal and 
uterine glands is liberated about the same time as that of the uterine glands, 
and is also stored in their lumina as a fine granular material, easily distinguishable 
from the secretions of the tubal and uterine glands. The rodlets increase greatly 
in length during the growth of the egg, reaching a maximum length of 0-016— 
0-018 mm. and 0-019-0-021 mm. in Wilson and Hill’s eggs PP & E respectively, 
whilst at the same time they become separated by spaces owing to the stretching 
of the basal layer. These spaces are filled by a finely granular matrix-like sub- 
stance. The rodlets seem to increase in length at the expense of the material 
produced by the uterine glands, which diminishes in quantity as the rodlets grow, 
whilst the material which furnishes the matrix between the rodlets is derived, 
we believe, from the finely granular secretion of the cells lining the dilated ends 
of the glands. The two-layered shell reaches its maximum thickness about the 
time the egg has reached a diameter of 10 mm., by which time the store of secretions 
in the dilated ends of the tubal and uterine glands is almost exhausted. 


7. The secretory cells lining the upper and middle portions of the uterine glands 
after the shedding of their primary or rodlet secretion proceed to elaborate a second 
secretion, which is finely granular and is shed during late cleavage (blastodisc) 
stages, e.g., that of Platypus VIII. This secretion is voluminous and furnishes, 
we suggest, the nutritive fluid, which is stored in the uterine lumen and absorbed 
by the egg during its growth. 

In the deeper parts of the glands the rodlet secretion is shed somewhat later 
than it is in their upper portions, with the result that the formation of a second 
secretion, which likewise occurs here also, is somewhat delayed and only begins 
to appear when the nutritive secretion in the upper parts of the glands is already 
in process of being shed. It is coarsely granular in character, and does not begin 
to be shed until the egg has attained a diameter of about 9mm., but the height 
of secretory activity is not reached until the egg has attained its full size (Platypus 
egg DQ, with a diameter of 16-515 mm.). We regard this secretion as furnishing 
the massive protective layer of the shell (layer 3), the laying down of which is 
completed only after the egg has finished its growth and reached its full size. 


8. The rodlet secretion is elaborated throughout the entire length of each uterine 
gland, and is produced in greatest quantity in the junctional region and the 
immediately adjoining (upper) part of the uterus, and only quite sparsely, if at all, 
in the remainder of the uterus. 

The secretions which give origin to the nutritive fluid and layer 3 of the shell 
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have their main seat of formation in the uterine glands situated in the body of the 
uterus, and are produced only in small amount in those of the upper part of the 
same. Potentially the secretory cells of the uterine glands are capable of producing 
three secretions, and some may actually do so; others may form only one secretion 
and yet others, two. 
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. Dense albumen granules. 

. Fluid albumen granules. 
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EXPLANATION OF THE PLATES. 
PLATE I. 


. Low-power view of section of infundibular funnel. Echidna B.19.7.30. 


Note its folded character and the rich secretion between the folds and 
in the lumen of the funnel. (x 220.) 


. High-power view of the epithelium lining the infundibular funnel. Echidna 


B.19.7.30. Note the dense secretion (coa.) formed by the secretory cells 
(ov.ep.”.) lying in a fold of the mucosa. (x 1200.) 


. Low-power view of the infundibular neck. Echidna B.19.7.30. Note the 


folds of the mucosa (fi.) lined by a single layered columnar epithelium 
composed of ciliated non-secretory cells (ov.ep.”). (400.) 


. High-power view of epithelium lining the infundibular neck. Echidna 


C.15.8.30 (Stage FC). Note the goblet-like mucoid cells (ov.ep.*) among 
the non-secretory cells (ov.ep.”). (x 1200.) 


PLATE II. 


. High-power view of the epithelium lining the infundibular neck. Echidna 


B.30.7.29 (Stage FE). Note the mucoid cells (ov.ep.*) among the ciliated 
non-secretory cells (ov.ep.”). (x 1200.) | 


. Low-power view of section through the mid-region of the aloumen-forming 


segment of the Fallopian tube. Hchidna C.20.7.29. Note the folded 
character of the mucosa. The folds are lined by a tall columnar epithe- 
lium containing the albumen cells (ov.ep.'). The secretory granules can 
be seen aggregated at the apical ends of the cells (alb.gr.). (x 165.) 


. Low-power view of lower part of the albumen-forming region. Echidna 


C.15.8.30 (Stage FC). The albumen granules (alb.gr.) though still present 
in the apical ends of the cells (ov.ep.') are more scattered throughout 
the cytoplasm than in fig. 6. (165.) 


. Low-power view of lower part of the albumen-forming region. Hchidna 


B.24.7.29 (Stage FA). The albumen (alb.gr.) is still aggregated at the 
apices of the cells (ov.ep.') but a considerable quantity of the secretion 
has been shed, and the amount of secretion in the cells has appreciably 
diminished. ( 165.) 


PLATE III. 


. High-power view of portion of epithelium lining the upper part of the 


albumen region. Echidna C.20.7.29. Note the albumen granules 
(alb.gr.) aggregated at the apices of the cells (ov.ep.'). Note also the 
difference between these secretory cells (ov.ep.') and the non-secretory 
type (ov.ep.”) with their well-marked cilia (cil.) and elongated nuclei 


(nuc.2). ( 800.) 
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Fig. 10. High-power view of the epithelium from the middle segment of the 
albumen region. Echidna C.15.8.30 (Stage FC). Note that the albumen 
granules (alb.gr.) are aggregated towards the apices of the cell (ov.ep.’). 
( x 934.) 

Fig. 11. High-power view of the epithelium from the lower end of the albumen 
region. Echidna B.30.7.29 (Stage FE). Note that the granules (alb.gr.) 
are more scattered through the cytoplasm of the secretory cells (ov.ep.’). 
( x 800.) 

Fig. 12. High power view of the epithelium lining the glandular region of the tube. 
Echidna B.19.7.30. Compare the fine granular secretion in the secretory 
cells (ov.ep.*) with that of the dense albumen-forming cells in the upper 
two-thirds of the tube (fig. 9). The secretory cells are here much 
fewer in number and their secretion forms the fluid albumen layer. 
( x 800.) 

Fig. 13. High-power view of the epithelium lining the upper part of the uterus. 
Echidna A.31.8.28. Note the secretory cells (ov.ep.*) in the epithelium, 
the finely granular secretion of which forms the fluid albumen. ( x 1166.) 


PLATE IV. 


Fig. 14. High-power view of the epithelium lining a tubal gland in the 
glandular part of the Fallopian tube. Hchidna A.31.8.28. Note the 
characteristic reticular appearance of the cytoplasm (cyt.), the meshes 
being filled with droplets of secretion which can also be seen in the lumen 
of the gland (sec.d.). The basal position of the nuclei (nuc.’.) is charac- 
teristic of these cells. 800. 

Fig. 15. Low-power view of uterine mucosa, immediately below the junctional 
region of the Fallopian tube. Echidna B.19.7.30. The epithelium lining 
the glands contains cells of two types. Of these the ciliated cells (ep.°) 
are not secretory at this stage, whilst the non-ciliated cells (ep.*) form 
a fine granular secretion (gr’.) which can be seen scattered diffusely 
through the cytoplasm. ( 400.) 

Fig. 16. High-power view of the wall of one of the uterine glands seen in fig. 15. 
Echidna B.19.7.30. Note the diffuse granulation (gr.’) in the cytoplasm 
of the non-ciliated cells (ep.*). (x 934.) 

Fig. 17, Low-power view of the uterine glands from the superficial part of the 
uterine mucosa. Upper third of the uterus. Hchidna 24.7.29 (Stage FA). 
In the epithelium lining the glands, the secretory granules (gr.’) tend to be 
aggregated towards the apices of the cells. Very little secretion has 
as yet been shed. ( 482.) 


a 


Fig. 18. 


Fig. 19. 


Fig. 20. 


Fig. 21. 


Fig. 22. 


Fig. 23. 
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Low-power view of the glands from the deeper part of the uterine mucosa. 
Echidna 24.7.29 (Stage FA). Note that the secretory granules (gr.') are 
not aggregated at the apices of the cells (ep.*) as in the superficial parts 
of the glands, but are still scattered through the cytoplasm. (X476.) 


PLATE V. 


Low-power view of the more superficial portions of the uterine glands 
near the junctional region. Hchidna C.15.8.30 (Stage FC). The secretory 
cells (ep.”) of the gland epithelium are empty of secretion and this now 
lies in the gland lumina. (X320.) 

Low-power view of the basal ends of the uterine glands from the same 
region as fig. 19. Hchidna C.15.8.30 (Stage FC). The secretory granules 
are accumulated at the apices of the secretory cells (ep.*) and some have 
been shed. (X300.) 

High-power view of the epithelium lining the basal end of a uterine gland. 
Upper part of the uterus. Hchidna A.31.8.28. Note that the epithelial 
cells contain two different types of granules, viz. (1) fine granules 
(gr.') which tend to become aggregated towards the apices of the cells 
(rodlet secretion), and (2) somewhat coarser granules (gr.”) which lie 
in the region of the nuclei and are differentiated in small clear vacuoles 
(layer 3 secretion). (900.) 

Low-power view of the uterine mucosa. Upper third of uterus. Echidna 
B.30.7.29 (Stage FE). Note the dilated terminal end of the uterine 
gland in the centre of the field, lined by a tall columnar epithelium 
formed of alternating ciliated (ep.d.gl.”) and non-ciliated cells (ep.d.gl.’). 
These latter form a fine granular secretion (sec.d.gl.) which can be seen 
lying in the gland lumen (/.d.gl.). The epithelium lining the uterine 
glands (ut.gl.) has already shed its secretion. (300.) 

High-power view of the epithelium lining the dilated terminal end of a 
uterine gland. Echidna B.30.7.29 (Stage FE). Note the alternating 
ciliated (ep.d.gl.”) and non-ciliated cells (ep.d.gl.*) lining the dilation. The 
non-ciliated cells contain sparse secretory granules chiefly aggregated 
towards the apical ends of the cells, the bulk of the secretion (sec.d.gl). 
having been shed into the gland lumen. ( 975.) 
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Part I.—MIOCENE PROBOSCIDEA. 
SOME MIOCENE PROBOSCIDEA FROM EAST AFRICA. 


INTRODUCTION. 


The material to be described was collected in the Kavirondo area of Kenya 
Colony, round the north-east corner of the Victoria Nyanza (see map). The 
collection includes material obtained by the author and other members of 
Dr. L. 8S. B. Leakey’s expedition in 1932, supplemented by additional material 
obtained by Mr. J. O. Harper, Medical Officer, and by Archdeacon Owen of 


* Communicated by Martm A. ©. Hivton, F.RB.S., F.Z.S. 
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Maseno Mission Station, Kisumu. My thanks are due to the Government Grants 
Committee of the Royal Society who rendered financial assistance, enabling me 
to carry out further investigations in 1934; to Dr. V. G. L. van Someren, Curator 
of the Coryndon Memorial Museum in Nairobi, for the use of the Museum 
laboratories, where some of the reconstructive work was done; to Mr. H. J. 
Allen Turner for his valuable assistance in the field; to Dr. Lang, Keeper 


: ER are 
rae De: Kimono [nana 


a Kevnoree Goer iz es 


ee Bay. 


Sketch-map of the Kavirondo District of Kenya Colony. 


of the Geological Department in the British Museum; and to Prof. J. Gray for 
the facilities afforded to me in London and Cambridge. 

The remains of Deinotherium were plentiful in certain localities where Miocene 
sediments are exposed, particularly Rusinga Island and Karungu. Fossils obtained 
from Karungu by Mr. CO. W. Hobley were described in 1911 by Dr. C. W. Andrews 
(Proc. Zool. Soc. 1911); they included the new species Deinotherium hobleyi 
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Andrews. Subsequently additional material was obtained by Dr. Felix Oswald 
from the same locality, which was also described by Dr. Andrews (Quart. 
Journ. Geol. Soc. 1914, vol. Ixx.). The majority of the material described here 
was obtained by Dr. Leakey’s expedition in 1932 in the same area. The 
collection is composed largely of isolated specimens, not found in association, 
and the bulk of the material consists of teeth rather than of skeletal remains. 


DEINOTHERIIDA. 
DEINOTHERIUM HOBLEYI Andrews. 


Material. 

A fragmentary palate from Rusinga Island (R.S.7.A.)* has on the left side 
Dm.2 and 3 and the roots of Dm.4 with the permanent premolars 3 and 4 
unerupted but completely formed in the alveolus. M.1 is fully erupted, and 
shows slight traces of wear, while M.2 is incompletely erupted. Posterior to 
M.2 the maxilla is broken. On the right side (Pl. I. fig. 1) Dm.2 and 3 are 
represented by detached fragments. Dm.4 is complete, and rests directly upon 
the crown of Pm.4. M.1 and M.2 are situated as in the left side. The part 
immediately posterior to M.2 has been sectioned longitudinally, and shows the 
infilled cavity in which displaced fragments of the germ of M.3 are clearly visible 
(Pl. I. fig. la). The two maxille are unfortunately disconnected and the width 
of the palate cannot therefore be ascertained. 

A second palate (Pl. I. fig. 5) from the same locality (R. S. 7.B.) has on the right 
side the base of Pm.3; Pm.4 complete; M.1 missing; M.2 complete and very 
slightly worn, and M.3 fully developed but unerupted in the alveolus. On the 
left side the premolars are lost, M.1 and M.2 are in place, while M.3 is not visible, 
but is probably present in the alveolus. 

A left maxilla (Pl. I. fig. 2) from the same locality (R.S.7.C.) has Pm.3, Pm.4. 
M.1 and M.2 in position, the anterior and posterior parts being lost. M.2 is. 
slightly out of alignment, as in the left maxilla of the preceding specimen (R.S8.7.B.), 
and also shows the same faint degree of wear, which suggests that M.3 was again 
unerupted. 

A mandible from the same site (R.S.7.D.) may possibly belong to the same 
individual as the first specimen (R.S.7.A.), since it appears to indicate about the 
same stage of development. The teeth are in a very poor state of preservation, 
but in the left side Dm.4 and M.1 are in position, while in the right side the roots 
of Dm.3 and 4 appear, but the crowns are lost; M.1 is present, and M.2 is. 
visible, but unerupted in the alveolus. There is a trace of Pm.3 in position below 
the roots of Dm.3. The ascending ramus is low and the mandibular angle is 
approximately a right angle. The coronoid process is missing, but appears to 
have been very low. The alveolar border anterior to the teeth is raised into a 


* The specimens here described have been deposited in the British Museum (Natural History). 
F2 
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crest which extends forwards to the distal extremity of the mandible. The 
symphysis is distinctly down-curved, and the lower incisors which are detached 
appear to have projected about 100 mm. 

A fragmentary skull (Pl. II.) from a different site on Rusinga Island (R.S.105) 
represents an adult animal, with all the teeth from Pm.3 to M.3 in position in the 
maxille. Some of the teeth are slightly displaced, and the measurements given 
are only approximate. 


Measurements of palates and mandible (in millimetres) :-— 
R.S.7.B. (immature) palate. 


Maximum length from Pm.3 to M.2 inclusive ...........eeceeeecerececercees 225 
internal width of palate at Pm.3 ..0..0s6 dd.» cin eee + sted res oma Hiss wis 55 
Ff a % Pe 4p SLI: (2nd ridge) a. vaceean 2 eee ee ee ee 95 
i > 43 95 MLZ (oy os el hes ees ees eee ree 80 

RS.105A. (adult) palate. 

Maximum length from Pm.3 to M.3 inclusive (right side) .............++-..-05- 280 
a internal width of palate at 2nd ridge of Pm.3 .............+--+-0- 100 ? 
» » » 9 > 9) SR REIRA RE tee «Sate 105 
» 9 » 99 ie it. UME ae eee S ie ce eae 120 
” ” ” 3” 3. ” M.2 of & fe .aGbe-0:6 %@ os "a yayb etal Sara ers 0s 110 
” ” » 9 ss jo. MLS ee eee eee cir came cee 110 


R.S.7.D. (juvenile) mandible. 
Maximum length ; right ramus from anterior border of symphysis to mandibular 


angle... 480 
3s 3 _ * Ps om 4 to condyle .. 520 
4 height of ascending ramus from mandibular angle to condyle ....... 170 
a 3 horizontal ramus at: M.1.3.3<)/4 else Sees ee ee 78x * 
af thickness of _,, a 1 Pe Green OR At ose anon pn aoe 82x 
eA length of symphysis (upper surface) ...............2eeeeeeeeceves 120 
a 3 Bs (lower.surface) .... 4 sss peeietinn sata 110 
Me width at posterior end of symphysis...........cccceeeccessccecees 135 
» ” anterior rs oo ata oat 6 ¢1aliets ota Sta eae eat 85 


The remainder of the material consists of isolated specimens of teeth and limb 
bones, a detailed description of which follows. 


Upper dentition. 

Dm.2 represented by two imperfect specimens of a single individual (R.S.7.A.). 
The labial border of the tooth consists of a smooth enamel face, from which two 
subsidiary ridges project at right angles, towards the lingual border. The 
posterior ridge is the wider, and on the extreme anterior point a small conule is 
present, apparently arising from the cingulum. The contour of the tooth is thus 
sharply triangular. 

Measurements :— | 

Maximum length  ~.,:.. <5 day'ssm bed one 24 mm. 
‘5 breadth 00.0.6 S05 ans as fp 20+ mm. 


* For explanation of the use of the x sign in this memoir see p. 60. 
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Dm.3 is represented by even more fragmentary material of the same individual, 
and a complete tooth in another piece of maxilla. The two ridges are distinct, 
and nearly equal in length, and the anterior conule is absent, so that the contour 
of the tooth is more quadrilateral. 

Measurements (in millimetres) :— 

maxniur jongib Syl: . Eee een 34 30 
3 Deeadth) KU. > wid. Sere steed Zhu? 26 

Dm.4 is represented by a tooth from the right maxilla (R.S.7.A.), and another 
fragmentary specimen. The structure of the tooth is closely similar to that of 
the first permanent molar, since it consists of three distinct transverse ridges, 
each slightly bowed forwards. The cingulum is well developed on the anterior 
and posterior margins, but is not apparent on either side of the tooth. 


Measurements (in millimetres) :— 


Maximum length ry... cess sie es sel ae 50 45 
x breadth (Ist ridge) .......... 33 29 
: sy (2nd. ridgePz eo: 35 29 
= <> oy (Bre zidee) cic eete 30 28 


Pm.3 represented by five specimens. The tooth is almost square in outline, 
and consists of a sharp crest along the outer (labial) margin, with large isolated 
cones at the antero-internal and the postero-internal corners. These cones are 
transversely elongated, but only unite with the labial crest in the very worn 
condition. A subsidiary conule is present in some specimens on the anterior 
border of the postero-internal cone, but this does not appear to be a constant 
feature. 


Measurements (in millimetres) :— 
Length. Breadth. Index. 


Right Pst. wee. 37 39-4 105-4 
aba beh 3 45-4 48 106-6X 
Nella aC ee ete! 42 45 107-1 

Left er On ite ene 42 48 109-5 x 

Eee 6 ee: ae 41 45 109-7 


Pm.4 represented by five specimens. In the unworn condition the tooth 
shows a more advanced stage of molarisation than Pm.3. The outer crest is 
still present, though less marked, while the lingual cones are more distinctly 
elongated into transverse crests. 


Measurements (in millimetres) :-— 


Length. Breadth. Index. 

Right Pm.4 ........ssse+--- 47 50 106°3 
Fes cade 44 50 me 

Bere a... eee 45 50 111-1 
rave 52 2s 


ad 47 106°8 
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M.1 represented by six specimens. The tooth is composed of three transverse: 
ridges, of which the first two are almost equal, while the third is rather smaller. 
Each ridge consists of a distinct cone at either end, united by a sharp, well- 
developed crest, which arises from the anterior border of each cone. The ridges. 
are thus somewhat bowed forwards. The cones on the labial margin of the tooth 
bear small subsidiary crests on the posterior surface. That of the second trans- 
verse ridge produces a partial union with the third ridge, particularly in the worn 
condition. The cingulum is well developed on the anterior, lingual and posterior 
borders, but is absent on the labial border. 

Measurements (in millimetres) :— 

Breadth. 


Ce es 
Length. Ist ridge. 2nd ridge. 3rd ridge. Index. 


GIG [oW Lie re etite craters 61 51 50 44 79-6 
Lettres eb dee set 63 — — — — 
Right! Sinner masts at oars 61 50 50 44 79-3 
Lotte a ie oStietase 63 50 51 46 83:6 
j eT eee. 65 50+ 50 43 716-9 
55 pen iegorcet scene 60+ 52 50 42 83-3 x 


M.2 represented by eleven specimens (Pl. I. figs. 3 and 4, etc.). The tooth is: 
composed of two transverse ridges arranged as in the first molar. A posterior 
crest is present on the labial cone of the first ridge, and an anterior crest on the- 
corresponding outer cone of the second ridge. These do not unite, but are- 
suggestive of the external longitudinal crest which is present in the premolars. 
A small shelf is present in the middle of the posterior slope of the second ridge, 
which is connected with the cones at either end of the ridge by a faint crest. The- 
relative size and position of this shelf appear to be variable features. The- 
cingulum is well developed at each end of the tooth, slightly developed on the- 
lingual border and absent on the labial border. 


Measurements (in millimetres) :— 


Breadth. 
(gop SS) 
Length. Ist ridge. 2nd ridge. Index. 
Right, M2 ita sae! 61 59 61 100-0 
Kinkt lee Bivins Tuk: 61 60 61 100-0 
SAAR. CINE aeatiare, See ie 2 66 67 63 101-3 
Latte Vo eek rane 66 66 63 100-0 
Righty wees 2 eine: 59 59 59 100-0 
Left. eee, 59 61 60+ 103-3 x 
a ey asda aA os 61+ 63+ — 103-2 x 
es Pr are. ae 68 — — — 
$5 PE Ye et eee 63+ 63+ — 100-0 x 
Left Pe See 65 63 96-9 


” Ct I RTE 61 62 60 101-6 
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M.3. Only two specimens of upper third molars are included in the collection, 
both of which are present in the fragmentary skull (R.S.105.A.). The structure 


-of the tooth appears to be very similar to that of the second molar,. but the second 


ridge is somewhat narrower, and the tooth is therefore less square. The posterior 


‘shelf on the second ridge is again present, but is lower, and more closely connected 


with the shelf of the cingulum, which is developed into a more distinct talon than 


‘that of the second molar. 


Measurements (in millimetres) :— 


Breadth. 
Ye 
Length. Ist ridge. 2nd ridge. Index. 
Right M.3 { ashe auis » 63 — — — 
OD on ali 8 leet rane 63 65 61 103-1 


Lower dentition. 

Incisors.—A pair of lower incisors found in association with an immature 
mandible (R.S.7.D.) undoubtedly belong to this specimen, but being detached 
and severely crushed it is impossible to ascertain with certainty to which side 
either tooth belonged, and therefore the direction of curvature. It appears, 
however, that the more complete tooth belonged to the right side, in which case 
the tusk probably curved rather sharply outwards and slightly downwards. 
The tooth is oval in section, with the longer axis at right angles to the plane of 
‘curvature, and becomes increasingly flattened towards the tip. The specimen 
measures 85 mm. in length; the diameters being 24mm. x 29 mm. at the base, 
and 12mm. x 22 mm. at a distance of 10 mm. from the tip. 

The distal ends of two other tusks, obtained from a different locality, were not 
found in association with any other material, and possibly do not belong to 
Deinotherium. The two fragments are, however, closely united by matrix 
apparently as in life, and their relative positions are perhaps more suggestive of 
Deinotherium than of any other form. These specimens are slightly curved, 
and the more perfect of the two is somewhat pear-shaped in section, the narrow 
apex forming a crest on the convex border of the curve. The structure appears 
to be concentric throughout with no indication of the “ engine-turning ”’ pattern, 
and there is no trace of any enamel band. This specimen measures 173 mm. in 
length, the diameters being 33 mm. x 46 mm. at a distance of 50 mm. from the 
tip. 

Dm? ? A single isolated specimen from the right side (Pl. III. fig. 1). The 
crown consists of a main anterior cone, longitudinally subdivided into two parts, 
of which the outer part is the larger. From the posterior border of the latter a 
crest slopes down to unite with a small posterior lateral cone, which is connected 
by another low crest with the postero-internal cone. The two latter cones are 
very low, and together form a massive shelf at the posterior end of the tooth. 
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In structure this tooth corresponds very closely with the adult Pm.3 of the type 
specimen of D. hobleyi, as described by Andrews, but this Rusinga specimen is 
so much smaller that it is taken to represent a deciduous tooth of the same 
species. 


Measurements (in millimetres) :-— 
Length. Breadth. Index. 
30 24 80-0 
Dm.3? A single isolated specimen from the right side (Pl. IIT. fig. 2) from the 
same locality as the last tooth. The crown is composed of two transverse ridges 
and a well-developed posterior talonid arising from the cingulum. A smaller 
anterior talonid which was probably present has been lost. The anterior ridge 
shows a greater lateral constriction of the apex than the posterior ridge, and 
therefore appears to be more sharply bowed backwards. Massive crests are 
present on the anterior borders of the cones of the first ridge, which slope down 
and converge towards the anterior talonid. A corresponding crest is present on 
the outer cone of the second ridge. 


Measurements (in millimetres) :— 


Breadth. 
nO 
Length. lst ridge. 2nd ridge. Index. 
41 33+ 35+ 85-3 x 


Dm.4. The posterior ends of three specimens (PI. III. fig. 3), of which two are 
detached fragments found in association with the second and third deciduous 
teeth just described, while the third is in position in the immature mandible 
(R.S8.7.D.) from a different locality. The teeth were clearly composed of three 
transverse ridges, but the anterior ridge has been lost in each case. Each ridge 
consists of a lateral cone at either end, connected by a sharp crest arising from 
the posterior borders of the lateral cones. Thus the structure of the upper teeth 
is reproduced in reverse, and the ridges are bowed backwards instead of forwards. 
The third ridge is narrower than the second, and more nearly straight. The 
posterior talonid is a variable feature, since it is well developed in one specimen, 
absent in another and intermediate in the third. 


Measurements (in millimetres) :— 


Breadth- 
Length. Ist ridge. 2nd ridge. 3rd ridge. 
Rusinga 75 ........ — — 29+ 26+ 
“r NODES. ok —~ — $2-h “Vee 
BB TuDinigws + pases a _ 32 28 


Pm.3 represented by a single isolated specimen from the right side (Pl. III. 
tig. 4). The anterior end of the tooth consists of a massive cone, longitudinally 


¢ 
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subdivided into a large outer and small inner part. The posterior end is composed 
of a wide low shelf, made up of two small cones, of which the postero-internal 
is somewhat the larger, and is connected by slight ridges to the postero-internal 
and the antero-external cones. 
Measurements (in millimetres) :— 
Length. Breadth. Index. 
40 35 87-5 
Pm.4 represented by two isolated specimens (Pl. III. figs. 5 and 6). The 
tooth consists of two transverse ridges with well-developed anterior and posterior 
talonids. The outer cones of each ridge have very distinct anterior crests, that 
of the first uniting with the anterior talonid, while that of the second unites with a 
distinct posterior crest from the preceding ridge. 


Measurements (in millimetres) :— 


Breadth. 
a rN 
Length. Ist ridge. 2nd ridge. Index. 
BA fod oe og 0 50 38 41 82-0 
1 re 55 40-+- 39+ 12-7X 


M.1 represented by three specimens. The tooth consists of three transverse 
ridges, with a small posterior talonid. A pair of teeth from the immature mandible 
(R.8.7.D.) are in an unworn condition, but that of the right side is severely 
damaged. In the left tooth the first ridge is sharply bowed backwards, and 
distinct anterior crests are present on both cones, which converge towards the 
base. Similar crests are present, particularly on the outer cones of the two 
following ridges, that of the second ridge being enlarged at its base to form a 
subsidiary conule in the first valley. The third specimen, also from the left side,. 
is in a much worn condition and appears to show certain differences in structural 
detail. The anterior crests of the first ridge are less distinct, and the ridge 
appears to be less sharply bowed. The conule is present in the first valley, but is. 
united by wear with the first ridge and not with the second, although in the 
unworn condition of the previous specimen it clearly arises from the second ridge 
rather than from the first. The wear is distinctly greater on the outer border 
of the tooth than on the inner. 


Measurements (in millimetres) :-— 


Breadth. 
Length. Ist ridge. 2ndridge. 3rd ridge. Index. 
BG Oe Din os wis'cs vie © _ 45+- 47 42 — 
Left MAEM ic:s papivisid e' 64 43 48 44 75-2 
a ER Ee cin'e x igevs 67 46 46 42 68-6 


M.2 represented by three specimens, all of the left side (Pl. III. figs. 7, 8 and 9). 
The tooth consists of two transverse ridges, and a very massive posterior talonid. 
VOL. XXv.—PaRT U1. No. 2.—July, 1942. G 
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Anterior crests are present, but very faint on both cones of the first ridge, and 
on the outer cone of the second ridge. The three specimens obtained vary greatly 
in measurements and in the relative size of the talonid. 


Measurements (in millimetres) :— 
Breadth. 


. 

—————————— ey , 

Length. Ist ridge. 2nd ridge. — Index. ' 
71 62 BG. 157 87-3 ‘ 
62 55 53 88-7 : 
57 51 51 89-4 | 


M.3 represented by five specimens (Pl. III. figs. 8 and 10). The third molar is 
very similar in structure to the second, the crown consisting of two transverse 
ridges and a massive talonid. The latter, however, is relatively larger, and the 
outer end in some cases is enlarged into a distinct cone. The second ridge is 
slightly narrower than the first, and the tooth therefore appears to be rather 
less quadrilateral. There is again a considerable variation in the size of these 
‘specimens and in the relative importance of the talonid. 


Measurements (in millimetres) :— 


Breadth. 
ey 
Length. Ist ridge. 2nd ridge. Index. . 
Tele MS GA et 62 51 48 82:2 . 
igh sme 5 eae 2 68 58 B4 85-3 
eee Fee yepe 61 52 84:7 x 
a, ie TORRE aoctiete 74+ 6] 52+ 82:4x 
Fugit MCS S20. eee fis} 58 54 76:3 


The skeletal remains that are assigned to this group were also isolated, and 
were not found in close association with any of the teeth. The material obtained 
from Rusinga Island is, however, provisionally referred to this genus owing to the 
relative abundance of Deinotheriwm remains in those deposits. 


Fore Limb. 
Humerus ; represented by the distal end of a bone from the left side. This is 

an example of a fully adult individual, and is somewhat smaller than the same. 

portion of a recent Elephant. The anconeal fossa and the corresponding anterior 

depression are relatively deeper, but in other respects the proportions of this speci- 

men are very similar to those of Hlephas. 


Measurements (in millimetres) :— 
Maximum depth of trochlea (front to back) ..............20000- 

Fs width ci (side to side) .\.\s.. os sess ve cae 

Median depth of shaft above external condyles 
Maximum width ,, Fy. ¥ 
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Radius ; represented by a single specimen from the left side, in a good state of 
preservation. The surface for the articulation of the humerus is small, and the. 
proximal end of the shaft is slender. The lower half of the bone becomes in- 
creasingly flattened from front to back towards the distal extremity, where the 
outer border is compressed into a wide flange. The distal epiphysis is lost, which 
suggests that the animal had not reached maturity. 


Measurements (in millimetres) :— 


RAE SIECITEOU, 5 G'S.) one ches cgi Mie RR a Te Tala PL sin ora 610 

DEAT EeCCUINIGCOlCe... .\, «= s+ snk MMR Sete k © bs dnp am, <'5)x «+ 152 

Maximum width at distal end (side to side) .................205. 145+ 
A depth F ry) (APOMM AMY ENCE tee eo a ow os 80 


Manus.—The bones of the manus include a right scaphoid, a left lunar, a right. 
and left cuneiform, a right magnum and a left unciform. The scaphoid has a 
small facet at the proximal end for articulation with the lunar. Towards the 
distal end there is a second facet for the lunar, lying at right angles to the trapezoid 
and trapezium facet, which occupies the lower border. 


Measurements (in millimetres) :— 


UM AAMOTE OLSEN 3. Soha bin Si Siete gled ae lM une RIAA Kus so Cpe os 92 
‘5 depth (front.fopbadiys is suIih.- ia oi kidd aiasle kiddo. od 78 
. Width (side Wo Sidejie. <. ond aed teeters» of reue me sib om 37 


Lunar.—The posterior part of the lunar is broken, but the bone appears to. 
have been roughly triangular in shape. The upper surface is taken up by the 
radial facet, and the small lunar facet at the antero-external corner. The lower 
surface, for articulation with the magnum, is concave in front and convex behind. 


Measurements (in millimetres) :— 


Maer ROI oc ‘siniwc + cys"s eibin i ore RUAN hee SEED «7 ViU ahi Rider e/a 73 
width, (side. to, side); 2. stium sie ae cra inictags se <n aletiain fr-eieiialn 92 
& as of. radial! facet. ©. 3... erm te lanekeucielassaseloddisistols.s love 55 
- vo Of MARQNTUMN TaGet ta eee ey or lin tie eee ihn 75 


Cuneiform.—The upper surface of the cuneiform is largely occupied by the 
lunar facet, the lower surface by the facet for the unciform. The large postero- 
external process is broken in both specimens. A small facet for the pisiform is 
present on the upper external corner of the posterior surface. On the internal 
surface the lunar facet is divided into an upper and a lower part by a deep groove. 


Measurements (in millimetres) :— 


Right. Left 

Maximum depth (front to back)...........+-..++54.. 86 77 
e width (side ta Side): «pfs sins 'iete eno. axes 20 110+ — 

ei BT «x « si Gin. 0\n'0 cnn ae nT here 6 aa. 5 49 49 

ef, depth of ulnar facet ........sessceeseeses 58 56 
width ; i. VP chi ee cate entered ec 85 65 
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Magnum.—The upper surface of the magnum is flat in front and concave behind, 
tthe converse of the lower surface of the lunar, with which it articulates. The 
lower surface is occupied by the facet for the third metacarpal, and a smaller 
facet on the lower part of the internal border probably articulated with meta- 
carpal II. The upper part of this side is taken up by three irregular facets for 
the trapezoid. The external surface of the bone is somewhat abraded. 


Measurements (in millimetres) :— 


Maximum depth from front to back ............esecescsocssacees 87 
- width of lunar facet (front) ~ « <5.-5.0 sete oe ee oe 47 
. Se sa 997 2 (WOOK) a once <td ccc wie ells) = 69 
ry height: (fromt)., #25 wna wisie Soles Soule « Shales ore a's eel ek eee ee 56 
.5 yr Back) «cig ais de Miers Chee ete on ee 77 
7 depth of lower aurfave .o:5:.:.' 5. «bie sleins aisen mre ane eter 67 
a width ,, PP Ror ete 42 


Unciform.—The unciform is somewhat tapered towards the outer side. The 
-oblique upper surface articulates with the cuneiform, while the upper part of the 
internal surface is occupied by the magnum facet. The lower surface of the 
bone consists of a single irregular facet which is clearly divided into three parts, 
the inner section articulating with metacarpal III, the middle and outer facets 
‘with metacarpals [V and V respectively. 


Measurements (in millimetres) :— 


Maximirir height. 5%... ns.» wisie' os 6 Goes Scere ste nee oer 92 
a depth (front to back) «5... s-0 se + cre psa'esdtete oe ate eee 100 
*. width* (side tO Ride) io 22. teens soy = hie cee ee 100 


Metacarpals.—The distal ends of two metacarpals only were obtained. The 
facets are semi-cylindrical, and slightly concave from side to side on the posterior 
surface. 


Measurements (in millimetres) :— 
Mc. II? Me. III. 
Maximum depth of distal facet (front to back) ... 59 61 
Fa width of distal facet (side to side) ..... 56 59 


Hind lwmb. 


Femur.—A single left femur was obtained, which is somewhat crushed and 
distorted. The head is small, and the great trochanter, although fairly large, is 
relatively slender. The antero-posterior flattening of the upper part of the bone 
is very marked, so that the anterior border is distinctly concave throughout its 
distal half. The lesser trochanter is small, and the third trochanter is visible 
only as a roughened surface. The distal condyles are flattened and directed 
sharply backwards, but this is probably due to post-mortem distortion. 
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Measurements (in millimetres) :— 


ee Dae TRIED 534105, 24) 2 Lich . 4 as VIS aden gad babi QUO NETS ties bee's 940 
F width (from inner margin of head to outer margin of great trochanter) 265 
Bumanaironmarnronoe Of shaft. 5s; .... 0% 440s oben adsense a ciacntcctehaca 310 
Maximum width at middle point of shaft (side to side) .............2.0.0e0005 110 
x depth at middle point of shaft (front to back) ...............000000e 70 
%) Smaart GEISUO ONG os ccc. Re een eC ee LT, 200 
ry depth 2 FIA ic ae hes abi ict cabs BAIA IE EE ae 140 


Tibia.—The distal end of a right tibia from Kachuku (Karungu) appears to 
represent a considerably larger animal. The shaft is somewhat trihedral in 
section, the anterior border being rounded while the two posterior borders form 
distinct crests. At the distal extremity the surface for articulation with the 
astragalus is slightly concave, and the internal malleolus is well developed. 


Measurements (in millimetres) :— 


See eeIrenMserance OF SNATEK 25 < yang. s 4k spleade sins s acto} okeaen sais uke caeess 270 
Maximum width at distal end (side to side) ............... cece eee cece ee eees 170 
ve depth “ sf) (LONE: FOL PAGE) Meet ed 6 ie tate te ie ote aah 6 ethce caw 115 


Astragalus.—A single left astragalus was obtained in a somewhat abraded 
condition. The upper surface is entirely occupied by the convex facet for 
articulation with the tibia. On the lower surface there are three facets, namely, a 
flat postero-external and a concave postero-internal facet for articulation with the 
cealcaneum, while a larger convex anterior facet articulates with the navicular. 
‘The main part of the bone is nearly square, with a massive backward projection 
from the postero-internal corner. 


Measurements (in millimetres) :— 


Bacio width from side to Bide: s'>. Svar teh'< sine dey t Gide ake SNe. « me. 00 
} depth (front to back) excluding postero-internal process ............. 92 
ea depth, including postero-internal process............+.2+++05 ee 120 
a ORD pion ih si oS a, > a0.'cs (a ee te ae eh NS aa Glesast <a Seles wis 2 « 75 


Calcaneum.—Iwo specimens of the right caleaneum were obtained, both of 
which are somewhat damaged. The tuber calcis is relatively more slender than 
that of a recent Elephant. On the upper surface there are three facets, the nner 
two being for the articulation of the astragalus, while the outer convex facet 
affords the articulation for the distal end of the fibula. The lower surface 1s 
occupied by a single facet for articulation with the cuboid, and there appears to 


yf have been no contact with the navicular. 
Measurements (in millimetres) :— 
Maximum length ..........scccnsecesececsncccsecceece 165 170 
aie 52 AE RS ec 95 135 
; Navicular.—Represented by two specimens from the right side. Nearly the 


whole of the upper surface is occupied by a gently concave facet for articulation 
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with the astragalus. The lower surface is taken up by four adjacent facets, the 
outer of which articulates with the cuboid, while the remaining three form the 
articulations with the external, middle and internal cuneiforms. The cuboid facet 
is approximately in the same plane as those for the external and middle cuneiforms, 
while that for the internal cuneiform is very small and oblique. In this respect 
the specimens differ from the corresponding bones of Elephas wndicus, in which 
the three cuneiform facets are almost in the same plane, while that for the cuboid 
is oblique. Thus in these animals the navicular appears to have been almost 
wholly above the plane of the cuboid. 


Measurements (in millimetres) :— 


Maximum qwidth (side to side)... sls . wipe vaetins ao eer 2 110 92 
Pe deni (ronb, bo Deck)... ems = nee tees eae 90 74. 
thickness cs cise leis cease ke Sine PA ee 29 rH | 


External cuneiform.—Represented by two examples from the right side in a 
good state of preservation. The upper surface is entirely occupied by a slightly 
concave facet for articulation with the navicular, the lower surface by a similarly 
concave facet for metatarsal III. The internal surface shows an upper and a 
lower facet separated by a horizontal groove, both for articulation with the middle 
cuneiform. The lower internal border of the bone is truncated by a facet for 
metatarsal IV. The external surface has two facets for articulation with the 
cuboid. 


Measurements (in millimetres) :— 


Maximum width\(side.to side) \.)o+..c. «21.4% <> tc ferret ie 60 57 
depth (front to bavk)....'.<'i..002 «ay = see 85 73 
GhICKNOSS i. sss aie sie oie Sivan, oe ess. «a eR 44 43 
MASTODONTOIDEA. 
INTRODUCTION. 


One of the most important sites from which fossils were obtained was on 
Kiboko (Maboko) Island, situated on the north side of the Kavirondo Gulf, 
where sediments apparently of estuarine origin were exposed over a small area. 
Fossils were first obtained from this site by Mr. Harper, who was kind enough 
to pass them on to me. Subsequent excavations were undertaken by Archdeacon. 
Owen, to whose untiring efforts I am indebted for much of the material. 

The country surrounding the Kavirondo Gulf is composed mainly of Granites 
and Gneisses of the Basement Complex * overlain in parts by later lavas and 


* Odman, W. H., Preliminary Report on the Archwan Geology of the Western Nzoya Province of 
Kenya Colony (Geol. Fren. I. Stockholm, Jan.-Feb. 1929), and Wayland, E. J., Summary of Progress, 
Geol. Survey Uganda, 1919-1929, p. 18. 


. 
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sediments. The exposure on Kiboko Island varied from a coarse sand con- 
taining numerous pebbles to a fine clay with irregular calcareous concretions, 
forming lenses which overlapped one another but showed no true stratification. 
Taken as a whole, the deposits seemed to indicate rapid local variation in the 
conditions of deposition, and it is probable that they were laid down during a 
comparatively short period. The island was mainly covered by very dense 
vegetation, and the deposit was exposed in a clearing about two acres in extent. 
Of this, the greater part appeared to be barren, and practically all the fossils 
were concentrated in an area of some 500 square yards, in which the excavations 
nowhere exceeded a depth of eight feet. 

The bulk of the fossil material obtained from Kiboko Island comprises mastodon 
remains, including portions of two skulls, some forty isolated teeth and numerous 
tusk fragments. There was, however, no associated skeletal material and not 
more than a dozen individual limb bones and a few ribs. assumed to be those 
of mastodon, were found. Fossils other than mastodon were remarkably scarce, 
and included very fragmentary remains of isolated bones or teeth, sufficient 
only to indicate the presence of Rhinoceros, Anthracotherium, Hycenodon and 
Primates. The only other material that occurred in any quantity belonged to 
the Cervine genus Climacoceras, already described in a previous paper *. 

The absence of associated skeletal material in the fossiliferous deposits of this 
part of Africa is unfortunately all too frequent, and the abundance of mastodon 
teeth, and the relative scarcity of other bones, or of the remains of other animals 
in this deposit, form a problem which is not easily explained. All but a few of 
the smallest fragments are in perfect condition, or, if broken, show clear-cut 
fractures, with no indication of water or weather action. Thus the fossils cannot 
represent derived material. On the other hand, the occurrence of even a few 
bones in addition to the teeth seems to preclude the possibility that subsequent 
chemical action destroyed all but the hardest parts. It is possible, however, 
that the deposits of Kiboko Island represent a backwater of some Miocene river, 
which flooded during the rainy season, bringing down for a short distance the 
remains of animals that had died near its banks during the preceding dry season. 
It seems likely that specimens transported in this way might be separated to 
some extent, according to size and weight, while the time involved might have 
been insufficient for the effect of any water action to have become apparent. 
In many of the isolated teeth the roots are entirely missing, and in some cases 
it is, therefore, extremely difficult to determine whether the tooth belongs to the 
upper or lower jaw. As a general rule it has been found that in the Proboscidea 
the upper molars show in lateral view a convex “ vertical curvature ”’ on the 
crown, whilst the lower teeth have a concave surface. In plan, both upper and 


* MacInnes, D. G., A new Genus of Fossil Deer from the Miocene of Africa, Journal (Zoology) of 
the Linnean Society of London, vol. xxxix. no. 267, p. 521. 
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lower molars show a slight “ horizontal curvature” of the longitudinal axis. 
which should be concave on the labial border and convex on the lingual. The 
component ridges of the Mastodon teeth have two varieties of cones, of which 
the more massive, or pre-trite cusps, are found to be on the lingual side in the 
upper teeth and on the labial side in the lower. 

In many of the specimens under consideration the vertical curvature is convex. 
and suggests an upper tooth, while the horizontal curvature is concave on the 
pre-trite side, and therefore suggests a lower tooth. With the exception of one 
pair of teeth, every third molar in the collection is concave on the pre-trite side.. 
Thus since the concave border should also be the labial border, every specimen 
except the pair mentioned should be lower teeth. This, however, is unlikely, 
since some of the more complete specimens bear a double anterior root, and also 
show a very marked convex vertical curvature. Examination of the teeth in 
the two fragmentary skulls proves beyond question that the vertical and horizontal 
curvatures are variable factors, and therefore unreliable in the determination of 
upper and lower teeth. 

A considerable number of Proboscidean teeth have been examined in order to: 
obtain, if possible, some other method by which this distinction can be made. 
The study appears to show that in the more advanced forms, such as Hlephas 
and Stegodon the arrangement of the lamelle is a constant factor. In lateral 
view the upper teeth show the exposed ends of the lamellez arranged in the form 
of a fan, spreading outwards from the roots to the crown, whereas in the lower 
teeth this is reversed ; the fan spreading from the crown to the roots. Thus the 
vertical axes of the anterior and posterior ridges of any tooth when produced will 
converge above the roots in the upper teeth, and above the crown in lower teeth 
(see text-fig. 1). This may be due to the direction of the growth movement. 
In the upper teeth the root and base of the crown would be the first part to come 
into contact with the tooth in front. This would prevent further expansion of 
the lower part of the tooth, but might allow for further expansion of the crown. 
In the mandible the converse would apply ; the top of the crown would be the 
first part to make contact with the tooth in front, while the lower part and root 
would be free to expand (see text-fig. 2). 

This method of determination is unfortunately not entirely reliable in the case 
of the more primitive Proboscideans, as is shown by the type mandible of 
Tri. coopert, where the axes of the lamelle converge below the crown. It may, 
however, be taken into consideration in conjunction with the other variable 
factors. 

In the unworn or slightly worn condition all the specimens in the present 
collection show a convex vertical curvature. Those with a bifurcated anterior 
root, however, have the axes of the anterior and posterior ridges converging 
towards the root, whilst those with a single anterior root have the axes converging 
above the crown. ‘This is to be expected if we may assume that a double anterior 
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root denotes an upper tooth, and a single indicates a lower tooth. The teeth in 
the maxille of the fragmentary skulls have the axes converging towards the 
roots. In some cases the axes are almost parallel, but in most of the specimens 
in the collection the convergence is clearly visible. 
The study of this Mastodon material has led me to the conclusion that the 
) collection must be referred to a single species despite the extent of variation 


Text-figure 1. 


Elephas. Upper molar. Elephas. Lower molar. 
Text-figure 2. 


_ 7 | — _ 
_- - _ ba 


Elephas. Skull and Mandible. 


which is shown. This has raised certain complications in connection with the 
definitions of species, which must be stated in order that the concluding discussion 
may be more clearly understood. 

Since the smaller subdivisions of the Animal Kingdom must be arbitrary, it is 
necessary to decide on what grounds such subdivisions are valid or invalid. The 
divisions of any group should depend primarily upon constant differences of 
vou. xxv.—parT 1. No. 3.—July, 1942. H 
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structural formation, and we should therefore consider the means by which such 
differentiation arose. It is probable that these changes are almost entirely due 
to a change of environment, consequent either upon a migratory movement, 
or upon a variation of climatic conditions. The time involved to bring about 
any appreciable change is necessarily variable, depending upon the rapidity of 
the climatic change and the adaptability of the group. 

In paleontology we are inclined to consider three major factors in the deter- 
mination of species, namely (a) structural differences, (b) geographical distribution, 
and (c) time. There are occasions, however, when the time factor may be doubtful, 
owing to the difficulty of exact correlation of deposits in different parts of the world, 
or it may be that the three factors do not all point to the same conclusion. For 
example, a specimen in this collection is structurally similar to a tooth from the 
United States (see pp. 59 and 73), and the difference in size would hardly be 
sufficient justification for separating the two. Therefore on the grounds of 
structure they should be included within a single species. On consideration of 
the other two factors, however, we find that the specimens are very far apart in 
geographical distribution, and also apparently in time, since the African material 
as a whole suggests a lower Miocene age, while the American form is assigned to 
the Pliocene. It might be argued that the time discrepancy would allow for a 
gradual migratory movement from Africa to America, and that the animals 
involved were not subject to prolonged changes of climatic conditions sufficient to 
produce any apparent alteration of structure. On the other hand, the geographical 
distribution and the difference of geological period might themselves be regarded 
as sufficient grounds for specific distinction. 

Of the two possibilities the former seems to be the more logical, but at the 
same time, from the point of view of the systematist, it is desirable to have some 
means of distinction between the geological and geographical representatives of a 
species with a large “ vertical’ and “ horizontal”? range. It appears that this 
difficulty might to some extent be overcome if we were to adopt a tri-nominal 
system of nomenclature, in which the third name indicated a difference in place 
or time of material structurally indistinguishable from a pre-existing species. 

Third molars form the bulk of this collection and they are here described in 
some detail to make clear the extent of variation which is found. To simplify 
description I propose to adopt Dr. Hopwood’s system of numbering the cusps *. 
Thus the pre-trite cusps are always the odd numbers 1, 3, 5, 7, etc. (numbering 
from the front), while the post-trite cusps are the even numbers 2, 4, 6, 8, etc. 
The relationship of the cusps to the roots is described as follows, (1+3), (2), 
(4+5-+0), etc. Thus cusps Nos. | and 3 arise from one root, cusp No. 2 from a 
second, and Nos. 4, 5 and 6, or the remainder of the crown, from a third. Except 
where otherwise stated, measurements are given in millimetres throughout. In 


* Hopwood, A. T., Fossil Proboscidea from China, Paleont. Sinica, ser. C, vol. ix. fase. 3, p. 9. 
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the descriptions of the teeth the term “talon” or “ talonid ” is applied to the 
hindermost shelf, posterior to the last true ridge. The term “ anterior talon(-id) 
is applied in some cases to indicate the anterior shelf prior to the first true ridge. 


MASTODONTOIDEA. 
TRILOPHODON ANGUSTIDENS KISUMUENSIS, subsp. nov. 


Diagnosis.—A trilophodont mastodon with flattened lower incisors. Third 
molars angusticoronate, with 3-5 ridges *. 

Holotype-—A fragmentary skull with second and third molars in position i in 
the maxille. (K.B.A.100). (Pl. III. fig. 17.) 

Paratype.—A pair of upper third molars of a single individual. (K.B.A.001 and 
Suerte: LV: figs. 1 and 2.) 

Horizon.—Miocene. 

Locality—Kiboko Island, Kavirondo, Kenya Colony. 

Maiterval.—A collection of isolated specimens from Kiboko Island, including two 
fragmentary skulls and numerous teeth, with additional material from Ombo and 
Rusinga Island in the district of Kavirondo. 

Remarks.—It will be sufficiently clear from the description of the material, 
and from the concluding discussion, that the holotype cannot be regarded as 
structurally representative of the whole subspecies, and for this reason a very 
different pair of third molars is chosen as the paratype. 


Description. 
Upper Dentition. 

Incisors.—The best preserved upper incisor from Kiboko Island (No. K.B.A.110) 
measures 1055 mm. in length, with a circumference at the base of 310 mm., the 
basal diameters being approximately 105 mm. x 95 mm. At the proximal end 
the dentine is 8 mm. in thickness round the pulp cavity, which tapers towards the 
distal end for a distance of 270 mm. The tusk is slightly pear-shaped in section, 
particularly towards the apex, and the narrower part is probably the ventral 
surface. A band of enamel extends from the apex for a distance of 340 mm. with 
a maximum breadth of 15 mm. Since the enamel band is generally situated on 
the outside, the specimen is probably a left. upper incisor. The tusk has a con- 
siderable spiral twist about its own longitudinal axis, besides a slight spiral curve 
throughout its length. A band of somewhat different texture surrounding the 
tusk at a distance of 390 mm. from the proximal end suggests the alveolar margin, 
in which case the tusk projected beyond the maxilla for a distance of about 
665 mm. Distal to this band the dentine surface is smooth, with practically no 
trace of longitudinal strize except where the outer surface is chipped, when the 
exposed lower layers show strong ribbing. The structure of this tusk appears 


* Trilophodont=having three transverse ridges in the intermediate molars. Angusticoronate= 


narrow-crowned. 
H2 
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to be concentric throughout with no trace of the criss-cross, or ‘“‘ engine-turning ” 
pattern in the cross-section. 

A second less well preserved upper incisor (K.B.A.005) shows a very different 
form. The total length is 1065 mm. with a basal circumference of 310 mm., the 
diameters being approximately 110 mm. x 90mm. The pulp cavity appears to 
have extended to a depth of at least 370 mm. from the proximal end. The 
proximal end is complete for a length of 200 mm. and the distal end for about 
100 mm., the remainder being severely abraded along one side. The cross-section 
near the apex, and probably of the distal half, is again pear-shaped, but the angles 
are more sharply marked producing an isosceles triangle. The enamel band is 
very much broader and extends for a length of 765 mm., the maximum breadth 


Text-figure 3. 


K.B.A, 005. K.B.A. 110. 
Transverse section of Upper Tusks. 


being 65 mm. _ In cross-section this enamel band covers the whole of the base of 
the triangle, whereas in the last-mentioned specimen it is situated near the apex. 
Some of the broken edges show very faint traces of the ‘“‘ engine-turning ”’ pattern. 
The transverse sections of these tusks are compared in text-fig. 3, the broad line 
representing the enamel band. 

Another tusk from the same locality (K.B.A.006) was only a surface find, and 
may be a more recent fossil; the ‘ engine-turning” pattern is clearly 
developed throughout its length. The distal extremity is unfortunately lost, 
and it is therefore impossible to determine whether or not any enamel was present. 
The specimen measures 1020 mm. in length, with a circumference of 345 mm. near 
the middle. The proximal end is severely crushed, and the maximum circum- 
ference cannot be ascertained. The whole tusk is much more sharply curved than 
either of the preceding specimens. A considerable number of other tusk fragments 


were obtained, many of which show the “ engine-turning ”’ structure very dis- 
tinctly. . 
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Fourth Premolars.—The last upper premolars in the collection are represented 

a, by four specimens. A tooth from Kiboko Island from the left maxilla (Pl. III. 

‘ fig. 12) is in a slightly worn condition. The enamel is lost from the anterior, 

| internal and posterior borders, but the crown clearly consisted of four main cusps 
arranged in two ridges. These cusps were apparently subdivided into two parts 
with anterior and posterior buttresses from the pre-trite cusps. 

A tooth from the right maxilla from Ombo (PI. III. fig. 11) is very similar, 
except that the anterior buttress of the first cusp is less marked. Anterior and 
posterior talons were apparently present, which have been largely broken away. 

A pair of teeth of a single individual from Rusinga Island are in a very worn 
condition, and the structure is obscured. Again two ridges were present besides 
a well-developed posterior talon and a smaller anterior fold. All the cusps are 
united by wear into a single irregular lake of dentine. 


Measurements (in millimetres) :— 


Breadth. Index. 


W Left upper P4 ......... HTDOKO: LelayiG eee eee 39+ | 37+ 94-8 x 


5 ne 8S Rusinga Island ......... 


First Molars.—Only three upper first molars are present in the collection. A 
| tooth from the left maxilla from Kiboko Island, and a pair of teeth of a single 
individual from Rusinga Island (Pl. III. fig. 16). All three specimens are very 
considerably worn, so that the details of structure are obscured. The crown 
‘was composed of three ridges with a well-developed posterior talon and probably 
a smaller anterior talon. 


Measurements (in millimetres) :— 


Breadth. 
Length. | ————————_— |_ Index. 
Ist. 2nd. 3rd. 


Left upper M?..... Kiboko Island ..... 65 43 45 44 69-2 


Sao Rusinga Island ..... 


vie ah eae 
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The roots of all these specimens are very badly preserved, but it appears that 
the root-cusp relationship is (1-+2) : (3): (4+5-+6). This, however, is somewhat 
uncertain. 

Second Molars.—The upper second molars in the collection include a single 
tooth from Ombo, from a right maxilla; a pair of teeth of a single individual 
from Rusinga Island (PI. ITI. figs. 13-16); and a pair from another individual 
and six separate teeth from Kiboko Island. All these specimens are composed 
of three ridges with a large posterior, and smaller anterior talon, and are supported 
on three roots. The root-cusp relationship is (1+3): (2): (4+5-+6). In each 
tooth the main cusps appear to have been normally subdivided into two parts, 
of which the lateral part is the larger. 

The pair of teeth from Rusinga Island are well preserved and are practically 
unworn. The three ridges are straight, and are set at right angles to the longi- 
tudinal axis of the tooth. Anterior buttresses are present on all the pre-trite 
cusps, and smaller posterior buttresses on cusps Nos. 1 and 3, but these are all 
so small that the valleys remain fully open. There are very faint traces of posterior 
buttresses on the post-trite cusps of the first ridges. Both talons slope upwards 
from the post-trite side of the apex of the pre-trite cusp. The structure of the 
anterior talon is somewhat obscured by wear, but the posterior talon consists of a 
single isolated cone on the post-trite side, and a serrate ridge composed of six 
more or less equal subdivisions, which slope upwards to unite with the outer 
division of the pre-trite cusp. 

The specimen from Ombo is rather more worn and has lost the posterior part 
of the third ridge and the talon. There is no trace of buttresses on the post-trite 
cusps, but those of the pre-trite side are relatively larger and the valleys are thus 
partially blocked. 

In a Kiboko Island specimen from a left maxilla the buttresses are relatively 
larger again, and in addition there are well-developed posterior buttresses on the 
first two post-trite cusps (Nos. 2 and 4), besides a small anterior buttress on cusp 
No. 4. The anterior talon is worn down to form a flat shelf, while the posterior 
talon probably consisted of the same arrangement as is found in the Rusinga 
teeth. 

A pair of teeth of a single individual from Kiboko Island are again more similar 
to the Ombo specimen, since the post-trite cusps have no buttresses. The inner 
subdivisions of the pre-trite cusps, particularly that of the last (cusp No. 5), are 
very much less significant, while the anterior buttress is relatively larger. The 
talon consists of a large double cone on the pre-trite side, and a smaller post-trite 
cone, both of which are more distinctly separated from the last ridge than those 
of the preceding specimen. 

The remainder of the upper second molars, including those of the type-specimen, 
are so severely worn or damaged that the structure cannot be examined in detail. 
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Measurements (in millimetres) :— 
ee PR a Ge aaa ia i adhe 


Breadth. 
Length. | ———————__~—_——-——_,, | Index. 
Ist. 2nd. 3rd. 

Right upper M? 94 58 58 60 63-8 
ee | Type specimen | Kiboko |—————————| —__|_—__|_. 

Left ~ mS K.B.A.100 Island 93 60 61 61 65-5 

Right ,, ,, 109 55 59 Xx 59 54-1 
|-———_——__  ................ Kiboko 
| Left . fr Island = ast = 56 —_ 

Right ,, ,, Rusinga | 105 64 61 59 60-9 
ol Soe Island 

Tete a |... 104. 574+ | 60 60 57-6 
ee ene ee es Ombo — 58 60 59 — 
| Left - Pe EP er PI eS ROL Kiboko 95 59 60 59 63-1 

; Island 

ie. hh a . io 55 57 732 


Third Molars.—The third molars of the type-specimen (K.B.A.100, Pl. ITI. 
fig. 17) represent in some respects the most primitive form shown in the collection. 
Only three ridges are present, with a massive anterior shelf and a smaller posterior 
talon. The teeth are somewhat worn, so that the details of the cusp structure 
are partially obscured. The post-trite cusps of the first two ridges (Nos. 2 and 4) 
are oval, and therefore probably showed the normal subdivision. Cusp No. 6 is 
circular, and may therefore have been a simple undivided cone. The pre-trite 
cusps all show the normal subdivision of a large outer and smaller median cone. 
The anterior buttresses are very massive, and much more significant than the 
median subdivision of the main cusp. Small posterior buttresses are present on 
cusps Nos. 1 and 3, which come into close contact with the anterior buttresses 
of the following ridge. In the worn condition the massive anterior buttresses 
unite with the large lateral subdivisions of the pre-trite cusps, forming an irregular 
oval enamel figure which lies at an angle of about 45 degrees with the longitudinal 
axis of the tooth. The talon is very small and appears to reproduce in miniature 
the arrangement of the preceding ridge. The post-trite side consists of a small 
cone subdivided transversely, while the pre-trite side is composed of a large cone 
with median and lateral subdivisions and a relatively large cone slightly in advance 
of the rest, which appears to correspond to the anterior buttress. These teeth 
show a distinctly concave plane of wear instead of the convex surface generally 


shown by upper molars of the Proboscidea. 
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A pair of isolated upper third molars from Kiboko Island (K.B.A.001 and 002, 
Pl. IV. figs. 1, la and 2), which clearly belong to a single individual, are chosen 
as the paratypes, since they show, in an unworn condition, the same structural 
characters that are found in the third molars of the type-specimen, although in 
general they appear to be more highly specialized. In these specimens four 
distinct ridges are present with anterior and posterior talons. The anterior talon 
consists of an extremely massive ridge, sloping diagonally upwards from the 
antero-external border to the apex of the first pre-trite cusp. The four ridges 
and the posterior talon are divided by a very deep median cleft. The first three 
post-trite cusps (Nos. 2, 4 and 6) are lightly subdivided into three parts ; the last, 
or eighth cusp, into two. In the left tooth very small posterior buttresses, arising 
near the base of the median subdivision, are present on the first three post-trite 
cusps (Nos. 2, 4 and 6), while in the right molar this buttress is only present on 
cusps Nos. 2 and 4. 

The subdivisions of the pre-trite cusps are more irregular, Nos. 1 and 3 in both 
teeth are divided into a large lateral and small median cone. In the right molar 
the median subdivision of cusp No. 5 is very much smaller than those of the 
preceding ridges, whilst in the left molar it is absent. Cusp No. 7 of the left 
tooth is subdivided into three almost equal parts, while the corresponding cusp: 
of the right molar shows the normal arrangement, but with an additional cross- 
cleft dividing the large lateral cone into anterior and posterior parts. It is 
probable that these subdivisions are visible only in the unworn condition, and that 
more worn specimens would exhibit a normal pattern. 

The first two pre-trite cusps of both molars (Nos. 1 and 3) have well-developed 
posterior buttresses arising from the larger lateral cones, which are absent on 
cusps Nos. 5 and 7. The anterior buttresses of all the pre-trite cusps are of much 
greater significance than the median subdivisions of the main cusps, and project 
diagonally forwards across the valleys, coming into contact with the posterior 
buttresses from the preceding ridges, where these are present. The anterior 
buttress of the first cusp is represented by the anterior talon; that of cusp No. 3 
is broken in both specimens, but it was subdivided into at least two parts, whilst 
that of cusp No. 5 is so much a part of the main cusp that together they form an 
elongated cone with a serrate crest lying obliquely to the longitudinal axis of 
the tooth (see Pl. IV. figs. 1 and 2). The anterior buttress of cusp No. 7 is again a 
single cone. The posterior talon consists of a large multiple cone on the pre-trite 
side and a smaller cone on the post-trite side, the latter being subdivided in the 
left molar. 

Another pair of unworn upper third molars of a single individual (K.B.A.003 
and 203, Pl. IV. figs. 3, 3a and 4) are very similar in structure to those just 
described but slightly smaller. The subdivisions of the post-trite cusps are less. 
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distinct and less regular, while posterior buttresses on the post-trite side are: 
absent except on cusp No. 4 of the left molar (a slight fold in the enamel in the 
corresponding position in the right molar may represent this buttress in rudi- 
mentary form). Posterior buttresses on the pre-trite side are relatively small 
and present only on cusp No. 1 (both sides), cusp No. 2 (left) and in rudimentary 
form on cusp No. 2 (right). The anterior buttresses are again very large and 
project diagonally forwards across the valleys. Thus the significant part of each 
pre-trite cusp appears to lie obliquely to the longitudinal axis of the tooth. The 
median subdivision of the cusp is present in each case, but is relatively small. 

Another pair of upper third molars from Kiboko Island (K.B.A.61-+65), whilst 
clearly belonging to a single individual, shows a remarkable variation in structural 
detail which can be shown better in figures than by verbal description (see Pl. IV. 
figs. 5 and 6). It will be seen that the structure of the first ridge in the left molar 
is normal, while in the right molar the two cusps are separate in the middle line, 
and connected only by a small anterior median conule. The first valley is more 
completely blocked in the right tooth than in the left, and the median subdivision 
of cusp No. 3 is absent in the left molar, though very distinct in the right. The 
second valley is less blocked in the right molar, the two cusps of the third ridge 
more separated and a distinct posterior buttress is present on the pre-trite cusp, 
which is entirely absent in the left molar. The posterior end of the right molar 
has a strong fourth ridge composed of five parts arranged approximately in a 
straight line, whilst in the left molar this fourth ridge is discontinuous owing to. 
the absence of some of the component parts, and such cones as are present form 
an irregular cluster with those of the talon. A considerable amount of cement 
is present on both specimens, and a surprising number of irregular conules and 
enamel folds, particularly in the valleys. The root-cusp relationship is (1+3) : (2) : 
(4+5+6- talon). 

In spite of the differences of detail noted in these specimens the relative im- 
portance of the anterior buttress and insignificance of the median subdivision of 
the pre-trite cusps is again apparent. 

A second fragmentary skull from Kiboko Island (K.B.A.24) has both third 
molars in a very worn condition, in position in the maxille (PI. IV. fig. 7). Although 
the details are almost entirely obscured by wear these teeth appear to have been 
very similar to the pair just described. In the left molar, which is rather less 
worn than the right, there are distinct buttresses arising from the median part of 
the post-trite cusps Nos. 2 and 4. These come into close contact with the much 
larger anterior buttresses from the following ridges, thus forming a diagonal 
bridge connecting the ridges. In a more advanced state of wear, as shown in 
the right molar, the ridges unite by means of this connecting link, with the result 
that the lateral enamel folds between the post-trite cusps on the one side and the 
VoL. xxv.—parT 1. No. 4.—July, 1942. I 
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pre-trite on the other, overlap to some extent, to exhibit in a very rudimentary 
form the ‘“‘ alternating series’ characteristic of more advanced forms, such as 
Pentalophodon sivalensis. The talon is composed of four distinct cones arranged 
in a straight line, and might almost be regarded as a fourth ridge, though apparently 
of different structure from the preceding ridges. 

A single right upper third molar from Kiboko Island (K.B.A.004, Pl. IV. 
figs. 8 and 8a) appears to be intermediate between the three-ridged and four- 
ridged forms. The post-trite cusps are usually subdivided into two parts, and 
have no buttresses. Cusp No. 1 shows well-developed anterior and posterior 
buttresses arising between the two parts of the main cusp. Cusp No. 3 has a 
large anterior and smaller posterior buttress, both of which arise entirely from 
the large lateral division of the main cusp. Cusp No. 5 has no median subdivision 
and no posterior buttress, while the anterior buttress is itself subdivided into 
three parts and projects diagonally forwards into the valley between cusps 
Nos. 4 and 6. The posterior end of the tooth consists of a single cone on the 
post-trite side, and a rather larger cone on the pre-trite side with an anterior 
buttress corresponding to those of the preceding ridges, and a posterior buttress 
comprising three conules. These posterior cones are much lower than the three 
preceding ridges, and should probably be regarded as together comprising a large 
talon, rather than a fourth ridge with a small talon. 

Another fragmentary specimen (K.B.A.47) shows the same arrangement of the 
posterior cones in a rather more advanced stage. The fourth ridge has become 
distinct, while the talon consists of a small isolated cone on the post-trite side, 
and three cones on the pre-trite side which slope upwards towards the apex of 
the last pre-trite cusp. 

A well-preserved left upper third molar (K.B.A.111, Pl. V. figs. | and 1a) in a 
somewhat worn condition shows the normal arrangement. The post-trite cusps 
appear oval with no buttresses. The pre-trite cusps have large anterior buttresses 
and smaller posterior buttresses on cusps Nos. | and 3. The fourth ridge, or 
anterior part of the talon, is divided by a deep cleft into two cones, the inner being 
subdivided into three and the outer into two parts. Posterior to these there is a 
single isolated median cone. Cement is visible in all the valleys, particularly at 
the posterior end of the tooth. The root-cusp relationship is as usual (1+) : (2): 
(4+5+6-talon). 

Another left upper third molar (K.B.A.200, Pl. V. figs. 2 and 2a) shows an 
increase in the subdivisions of the cusps, and a considerable number of irregular 
conelets and enamel folds. The first two ridges are somewhat worn and appear 
to show the usual arrangement. The first two post-trite cusps (Nos. 2 and 4) 
have distinct traces of posterior buttresses, while in cusps Nos. 6 and 8 very small 
conelets are present in a corresponding position which may represent the same 
feature in a much reduced form. Cusp No. 6 is subdivided into four parts and 
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No. 8 into three, and both are slightly oblique to the longitudinal axis of the 
tooth. On the pre-trite side cusps Nos. 1 and 3 appear to be normal, with large 
anterior and smaller posterior buttresses. Cusp No. 5 retains a very small posterior 
buttress and the median subdivision of the main cusp is also insignificant. 
In cusp No. 7 this median subdivision appears as a small buttress on the posterior 
wall of the anterior buttress, while a very small conelet situated in the valley 
immediately behind, may correspond to the posterior buttress of the preceding 
ridges. The 7th and 8th cusps, forming the fourth ridge, are separated by a 
very deep median cleft. The posterior talon is damaged on the post-trite side, 
but the cones appear to have been arranged in much the same way as those of 
the true ridges, though on a smaller scale. Thus the tooth possibly represents 
a primitive form of the five-ridged stage. 

A right upper third molar from Rusinga Island (R.S.4.A., Pl. V. figs. 3 and 3 a) 
is in a rather worn condition and is also somewhat crushed and distorted. The 
post-trite cusps appear to have been normal with no buttresses except on cusp: 
No. 6, where slight swellings in the enamel are visible on the anterior and posterior 
surfaces. The first pre-trite cusp has anterior and posterior buttresses of almost 
equal size. Cusp No. 3 has a large anterior and small posterior buttress, and the 
median subdivision of the main cusp is not apparent. Cusp No. 5 consists only 
of a large lateral cone and the anterior buttress, which are of almost equal size. 
The fourth ridge is damaged on the pre-trite side, but it appears to have consisted 
of two main cones, each with a small median subdivision ‘slightly in advance of 
the axis of the ridge. This structure is so different from that of the preceding 
ridge that it should probably be regarded as the talon. 

Another fragment of a left upper third molar from Rusinga has lost the posterior 
end, but appears to have comprised only three ridges and a small talon (Pl. V. 
fig. 4). The structure of the first ridge cannot be determined since only the 
posterior walls of the cusps are preserved. The cusps of the second ridge have 
their median subdivision slightly in advance of the axis of the ridge and the usual 
anterior buttress is present on the pre-trite cusp. In the third ridge the forward 
position of the two median cones is more marked, and there are no additional 
buttresses. The talon consists of a low ridge which is somewhat abraded, but 
appears to have been composed of four or five conelets. 


Lower Dentition. 

Incisors—The lower incisors of this species are represented in the collection 
by two rather incomplete specimens from the left side, and a number of small 
fragments, all of which were obtained on Kiboko Island. The best preserved 
tooth (K.B.A.109) measures 340 mm. in length, by 83 mm. in width. The proximal 
end is missing, and the distal end slightly abraded. On the upper surface the tip 
is worn for a distance of 100 mm. on the median border, and 50 mm. on the lateral... 
12 
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Measurements of upper third molars (in millimetres) :— 


Length. Height. Index. 


Talon. 


| R. K.B.A.100. . 


| L. K.B.A.100.. 


1) R. K.B.A.001.. 


39 50c3 43-4 
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—_— | | | | | 
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The sign + after a number denotes that the specimen is damaged, and the figure represents the 
measurement of that part which is preserved, and must originally have been slightly greater. 

The sign x indicates that a missing part has been reconstructed, and the measurement is approxi- 
mately correct. 

In the height column the expression cl, c3, etc., indicates the number of the cusp which shows 


the maximum height. 
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‘The cross-section shows that the structure is purely concentric throughout, with 
no trace of the “engine-turning” pattern, nor of the denticle structure 
‘characteristic of Amebelodon and Platybelodon. 

A second left lower incisor (K.B.A.201) is more severely crushed at both ends. 
‘The cross-section differs somewhat from that of the previous specimen, as is shown 


Text-figure 4. 


6 KB. A, 201 


Lower Tusks : a & b. Transverse sections; c. Dorsal view. 


by the diagram, while the concentric structure is similar. In both examples 
the section shown in the diagram is retained throughout the total length, with 
practically no fluctuations. (See text-fig. 4.) a 

Some of the detached fragments which clearly belong to lower incisors show 
distinct traces of ‘ engine turning ” pattern on the fractured surface, which is not 
apparent in polished or thin sections. None of the specimens shows any trace of 
‘enamel, nor is there any indication of the extent to which the tusks projected 
‘. beyond the alveolus. The curvature of the more complete teeth is such that the 


ah 
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two incisors cannot have been in close contact except perhaps at the tips, and 
the thickness of the median border must have produced a ridge down the middle 
line. The diagram (text-fig. 4c) is the suggested dorsal view of the lower tusks in 
the alveolus. 

Measurements (in millimetres) :— 


Max. 
Length. Breadth. thickness. 
KYB:A 1004 4340+ 83 32 
K.B.A:207 ....05...| --280+ 76 39 
Comparative measurements of Serbelodon (Frick) :— 
S. burnhami ........ 610 133 47 
SOATDOUTS © ns tea 380 rir 45 


Fourth Premolars.—Only three specimens of lower fourth premolars are included 
in the collection ; a tooth of the left side from Ombo (PI. V. fig. 7), and a pair of 
teeth of a single animal from Rusinga Island (Pl. V. figs. 5 and 6). In the Ombo 
tooth, which is only slightly worn, both the post-trite cusps appear to have been 
simple undivided cones, with no buttresses. Both the pre-trite cusps are damaged, 
but their oval section suggests normal subdivision. A well-developed posterior 
buttress is present on the first cusp and a smaller anterior buttress is visible on 
cusp No. 3. Other buttresses which may have been present are lost. The 
posterior talonid was quite well developed. 

The two teeth from Rusinga Island are greatly worn, but appear to have been 
similar. A slight projection in front suggests an anterior talonid, which is absent 
in the Ombo specimen. Two roots are present, and the root-cusp relationship is 
(1+2):(3+4). All these teeth are relatively narrower and less square than the- 
corresponding upper premolars. 


Measurements (in millimetres) :-— 


Breadth. 
Length. | —————*————_,, 
2nd. 
Left lower P4 ... 41+ 32 
Right tig os a eee 4] 34 
Tae Oy kee 42 32 
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Second Molars.—The collection includes eleven examples of lower second 
molars, of which only one fragmentary pair can be regarded with certainty as 
representing a single individual. A specimen of the right side from Rusinga 
Island (Pl. V. fig. 9) is practically unworn, and shows the usual three ridges with 
well-developed anterior and posterior talonids. The post-trite cusps are normally 
subdivided into a large lateral and small median cone. The ridges are divided 
in the middle by a deep groove separating the post-trite and pre-trite cusps. 
‘The anterior talonid is damaged, but appears to have been fairly massive, uniting, 
by means of the anterior buttress, with the apex of the first pre-trite cusp. The 
pre-trite cusps are again normally subdivided into two parts, of which the small 
median division is in the same straight line as the two post-trite cones, while the 
larger lateral cone is set somewhat behind, so that the axes of the pre-trite cusps 
are oblique to the longitudinal axis of the tooth. Small anterior buttresses are 
present, arising from the median subdivisions, and larger posterior buttresses 
arising from the lateral part. In cusp No. 5 these buttresses are only visible as 
slight swellings in the enamel. The posterior talonid consists of an isolated cone 
‘on the post-trite side, and a very large median cone with a small lateral buttress 
comprising three or more conules. The root-cusp relationship is (1-+2) : (8+4+ 
5+6-+-talonid). 

The Kiboko Island specimens include six teeth from the right and four from 
the left side, all of which show an advanced state of wear. The pre-trite cusps 
are all oblique to the longitudinal axis of the tooth, and there are no apparent 
differences in structure from the unworn tooth described, except in the details 
of the posterior talonid, which probably have no significance. A specimen from 
the right side is shown on PI. V. fig. 8. 

Third Molars.—The lower third molars in the collection include one complete 
and one fragmentary specimen from Rusinga Island, both of the right side, and 
from Kiboko Island three pairs representing single individuals in which both teeth 
are complete, two pairs in which the right molar is complete and the left frag- 
mentary, two isolated right lower third molars and a number of indeterminate 
fragments. These third molars are all relatively larger than the upper teeth, 
having at least four ridges, and the majority show a considerable amount of wear. 

A pair of teeth from Kiboko Island (K.B.A.41 and 46, Pl. V. figs. 10 and 11) 
have five distinct ridges with anterior and posterior talonids. The post-trite 
cusps are simple and show normal subdivision with the exception of No. 10, 
which is a single cone. A small anterior buttress arising from the median. sub- 
division of cusp No. 8 is present in both teeth, but no other buttresses are visible 
on the post-trite side. A massive subsidiary conule, arising apparently from the 
cingulum, is situated between cusps Nos. 2 and 4 at the lingual extremity of the 
first valley. This feature is not repeated in any of the other specimens and is 
probably an individual character of no great significance. The pre-trite cusps 
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Measurements of lower second molars (in millimetres) :— 


Breadth. 
Length. |---| _ Index. 
Ist 2nd. 3rd 
Right lower M, ogee Rusinga Island ...... 105 _ 49+ 56 59 56-1 
At es s Mevaete ahr Kiboko Island (207) . . 99 43-+- 49 53 53°5 | 
> , 93 tenes > »» (209) 95+- onset — 53 55-7— 
; ; are * » (210) 90 44 x 53 Manat 62-2 
nee Meret a : (42) 95+ 45+ 50+ 58+ 61-0+ 
ee ae » (208) 854 T4Se ee te = 
Left pelea a tiat : sir(Zloye — 45+- 50 a — ! 
is ea ie ; (54) 93 405 53 57 61-2 
ae gees : , (45) 84 40+ 46+ 52 61-9 
ea : as)..| 97+ | 52x | 55 60 61-8— 
“Right sia PR eee v5 saben EL 96 55 57+ 60 62-5 


again show normal subdivision, the two parts being arranged as in the lower 
second molars with the median division in the same straight line with the parts 
of the post-trite cusp, and the larger outer cone set somewhat behind. Anterior 
buttresses arising from the median subdivisions are present on all the pre-trite- 
cusps, but unlike those of the upper third molars they tend to be rather smaller 
than the posterior buttresses. The latter arise from the outer part of the cusp, 
and are present on all except the last cusp (No. 9). The posterior talonid consists. 
of a single median cone. A considerable amount of cement is present at the 
posterior end of the right molar, which has been lost in the left tooth. The wear 
is very much greater on the pre-trite side than on the post-trite ; cusp No. 1 being 
worn to the level of the cingulum while No. 2 is some 20 mm. higher. This again 
is probably only an individual character, since it is not constant throughout the- 
lower third molars of the collection. The first ridge is supported by a single 
root, and the remainder of the crown by a large posterior root. This arrangement. 
is found throughout the lower third molars. 
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A second pair of complete teeth (J.O.H. A and B, Pl. VI. figs. 1 and 2) exhibit a 
similar general structure with certain variation of detail. Anterior buttresses 
arising from the median subdivision of the cusps are present on No. 6 as well as 
No. 8. The fifth ridge is relatively smaller, and should probably be regarded as a 
well-developed talonid. The posterior buttresses of the pre-trite cusps are again 
slightly larger than the anterior buttresses, and the outer subdivision of the main 
cusp is set well back so that the axis of the whole cusp is oblique to the longitudinal 
axis of the tooth. These two teeth bear a very remarkable resemblance to Cook’s 
figures of the type of 7’. hicksi from the Pliocene of Nebraska, the subdivisions 
and buttresses being almost identically reproduced. 

The third pair of complete lower third molars from Kiboko Island (K.B.A.204 A 
and 204 B, Pl. VI. figs. 3 and 4) are very different in some respects from those 
already described. Five distinct ridges are present with additional anterior and 
posterior talonids. The post-trite cusps Nos. 2, 4 and 6 are normal with their 
axes at right angles to the longitudinal axis of the tooth. Nos. 8 and 10, however, 
are sharply oblique, and lie at an angle of 45 degrees with the longitudinal axis. <A 
posterior buttress is present on No. 2 and well-developed anterior buttresses on 
Nos. 8 and 10. Anterior buttresses on the pre-trite side are visible only on cusp. 
No. 3, while the posterior buttresses are very much enlarged and appear almost 
as isolated valley cusps. No buttresses are present on cusp No. 9. The posterior 
talonid again consists of a large undivided median cone. Both teeth are sharply 
concave on the pre-trite side. | 

A right lower third molar (K.B.A.202, Pl. VI. fig. 5) is somewhat smaller than 
those already described, and shows only four ridges and a small posterior talonid. 
The post-trite cusps all show normal subdivision with no buttresses. No. 8 again 
lies at an angle of about 45 degrees with the longitudinal axis of the tooth, while 
Nos. 2, 4 and 6 are at right angles to it. The large lateral part or cusp No. | is 
lost, Nos. 3 and 5 are very sharply oblique, whilst the two parts of No. 7 lie almost 
parallel to the longitudinal axis. No anterior buttresses are present, and the 
posterior buttresses of Nos. 1 and 3 are subdivided into two parts which project 
backwards across the valley towards the following post-trite cusp. The posterior 
buttress of No. 5 is single, and is absent from No.7. The posterior talonid consists. 
of two simple cones. 

A fragment of a left lower third molar comprising the last two ridges and the 
talonid shows identical structure, and clearly belonged to the same individual. 

An isolated right lower third molar (K.B.A.43, Pl. V. fig. 12) is very severely 
worn, so that the structure is largely obscured. Four ridges are present and a 
posterior talonid, which consists of a very large undivided median cone. Anterior 
and posterior buttresses were present on all the pre-trite cusps with the exception 
of No. 7, which lacks the posterior buttress. No buttresses are present on the 


post-trite cusps. 
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Another right lower third molar (K.B.A.101, Pl. VI. figs. 6 and 6a) has a small 
fifth ridge and an additional posterior talonid. The first two post-trite cusps, 
Nos. 2 and 4, are normal, while Nos. 6, 8 and 10 are simple undivided cones. 
‘The axes of cusps Nos. | and 3 are nearly at right angles to the longitudinal axis ; 
No. 5 is slightly oblique; that of No. 7, composed of three subdivisions, is almost 
parallel, while that of No. 9 lies at an angle of about 45 degrees. A well-developed 
anterior buttress is present on No. 3, but, unlike those of any of the other lower 
molars, this arises from the larger lateral division of the main cusp. The posterior 
buttresses are again greatly enlarged and all apparently subdivided, except in 
the case of cusp No. 9, in which the buttress only appears as a slight enamel fold. 
The posterior talonid consists of a single median cone. The tooth is again very 
sharply concave on the pre-trite side. A fragment of a left lower third molar 
exhibits identical structure in the posterior three ridges, and this clearly represents 
the same individual. 

Another isolated right lower third molar (K.B.A.104, Pl. VI. figs. 7 and 7a) is 
in some respects the most primitive specimen represented, since the fourth ridge 
is scarcely more than a well-developed talonid. The first ridge is somewhat 
damaged, and is also much worn, but the structure appears to have been normal, 
with the axis of the post-trite cusp at right angles to the longitudinal axis of the 
tooth, and that of the pre-trite cusp oblique. The second ridge shows a similar 
arrangement in a less worn state. In the third ridge the median subdivision of 
the post-trite cusp (No. 6) has moved forwards so that the ridge is symmetrical 
about the middle point, with both cusps sharply oblique (about 50 degrees) to the 
longitudinal axis. The cusps of the fourth ridge reproduce the same feature to a 
more marked extent. The two main lateral cones have moved inwards and are 
closely united along the middle line, whilst their median subdivisions, also in 
close contact with each other, appear as anterior buttresses. The most striking 
feature of this tooth is that the posterior buttresses of the pre-trite cusps Nos. 1 and 
3 are so much enlarged that they completely block the valleys, and being in a 
worn condition they appear to be almost equally connected with the ridge in front 
and behind. Thus these posterior buttresses have the appearance of isolated 
valley cusps. This specimen is nearly identical to Lydekker’s type of 7. a. var. 
paleindica, and also bears a close resemblance to some of the material from 
Baluchistan, described by Forster-Cooper. 

A right lower third molar from Rusinga Island (R.S.4.B, Pl. VI. figs. 8 and 8 a) 
is rather more lightly built than any of the Kiboko Island material, but in general 
structure is very similar. The post-trite cusps of the first three ridges are normal, 
and a small anterior buttress is present on No. 6. No. 8 is a simple undivided 
cone. On the pre-trite side cusps Nos. 1 and 3 show very small anterior buttresses 
and extremely large posterior buttresses, which in the unworn state must have 
appeared almost as isolated valley conules. The buttresses of No. 5 are only 
represented by slight irregularities in the enamel surface. The outer cone of the 
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Measurements of lower third molars (in millimetres) :— 


Breadth. 


Length. | ———————___4»—___ Height. Index. 
Ist. 2nd. 3rd. 4th. | 5th. | Talon. 


$$ | fe ff pn | eee renee 


63 48 30 
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. K.B.A.104.. 


ot kA 
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pre-trite cusps are set well back in each ridge. The posterior part of the tooth 
might be regarded either as a fourth ridge with a small talonid, or as a large talonid. 
On the pre-trite side a large lateral cone is present, connected with the post-trite 
cusp No. 8 by a double median cone, set rather in advance of the main cone. 
A well-developed accessory conule connects this large lateral cone with the two. 
posterior cones which correspond to the talonid in other specimens. Thus the 
posterior end of the tooth is in the form of a horseshoe ridge composed of seven 
distinct elements. 

A fragment of an unworn right lower third molar, also from Rusinga Island, 
shows a very simple structure in the first two ridges (Pl. V. fig. 9). The two. 
divisions of both pre-trite and post-trite cusps lie in approximately the same 


straight line. An anterior accessory cone is present on cusp No. | which may 
K 2 
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represent an anterior buttress or merely a part of the anterior talonid. Very 
large posterior buttresses arising from the outer divisions of cusps Nos. 1 and 3 
appear almost as isolated valley cusps. Only the median part of the third ridge 
is preserved. The median divisions of both cusps are slightly in advance of the 
outer cone so that the ridge was somewhat bowed forwards. The posterior part 
of the tooth is lost. 


Skeleton. 


Scapula.—A left scapula (K.B.A.121) was obtained in a much broken condition. 
The anterior plate is small, while the larger posterior plate is in the form of an 
obtuse angled isosceles triangle. The spine, which forms the base of the triangle, 
is also well developed, but the apex of the acromion process is lost. A very large 
flattened projection situated just behind this process, curves over and backwards, 
parallel to the posterior plate, as is usual in the Proboscidea. The glenoid cavity 
is oval with the long axis antero-posterior. 

The approximate measurements (in millimetres) are as follows :— 


Maximum. length 7 vik... <s'<+ © => eis ae gee 690 
* breadth® «3:55 5c s.c% 3 ska See ene een 620 
Glenoid’ cavity, length 2.5.60... sine nel ee 140 
breadth... (i... 53 + spe GR ee 85 


Humerus.—A single left humerus (K.B.A.1) was obtained which is also in a 
somewhat damaged condition. The head and the external tuberosity are very 
massive, and the supinator ridge is well developed. The distal end of the bone 
is so severely crushed that the surface for the articulation of the radius and ulna 
is lost. The maximum length of the specimen is 740 mm. 


Radius.—A right radius (K.B.A.20) in a good state of preservation is that of 
an immature individual and the distal epiphysis is lost. The bone is very slender 
and somewhat oval in section. The surface of articulation with the humerus is 
small, slightly concave from side to side and convex from front to back. 

Measurements (in millimetres) :— 

Length us With 0) 3... ore 485+ 
Minimum circumference. . ...!./... .iahak dis veins petese 135 

Ulna.—The proximal ends of two left ulnas (K.B.A.23 and J.0.H.K.) in a poor 
state of preservation show a markedly trihedral section, with each face distinctly 
concave. The olecranon process and the distal third of each bone are missing. 
The sigmoid notch in one specimen (K.B.A.23) measures 125 mm. from side to 
side. The other fragment appears to have belonged to a bigger animal, but the 
articular surface is largely destroyed. 

Manus.—Only three bones of the manus were obtained, namely a right lunar 
(K.B.A.73), a right cuneiform (K.B.H.11), and a left metacarpal II (?) (K.B.A.5). 
The lunar is roughly triangular in shape. Nearly the whole of the upper surface 
is taken up by the radial facet, which is slightly concave. In the antero-internal 
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corner the small ulnar facet makes an angle of about 100 degrees with the plane 
of the radial facet. The facet for the articulation of the magnum occupies the 
whole of the lower surface and is again somewhat triangular, with the anterior 
border forming the base. The lower part of this triangle is convex, while the 
apex or posterior part of the bone is concave. 

The cuneiform was obtained from the humus overlying the deposit and was 
therefore not im situ. It is presumed, however, that it was derived from the 
same source as the remainder of the material. The ulnar facet is in the form of an 
elongated triangle with the inner border forming the base. The lower (inner) 
part of this surface is almost flat, and the outer part concave. From the outer 
margin of the bone a large lateral process extends downwards and backwards. 
The lower surface of the bone is entirely occupied by the large facet for the 
articulation of the unciform. 

The metacarpal shows three articular facets at the proximal end. The large 
upper facet for the trapezoid is slightly concave from side to side and convex 
from front to back. The posterior part is produced in a massive projection. 
A small inner facet for the articulation of the trapezium is somewhat abraded, 
but appears to lie at an angle of about 90 degrees, while the outer facet for meta- 
carpal III makes an angle of about 80 degrees with the main upper facet. The 
shaft of the bone is rather slender, and the distal articular surface is enlarged and 
semi-cylindrical. 

The measurements (in millimetres) of these three bones are as follows ;— 


Lunar. Maximum depth from front to back ............ 80 
if width from side to side ............. 87 
ix Lire fed Lae RCo ty coe Stk UE ot on nA 63 
A depth of radial facet ................ 63 
es width of _,, ies git diulaiane ‘ud GS eOeMOe 62 
¥: fo facet for MAGNUM 6.6 ws sc.ds 04 75 
Cuneiform. - depth from front to back ............ 84 
ef width from side to side ............. 134 
* Heightres Mate ies ca ne Adee « 48 
s depth of ulnar facet. 2. o.oo 55 
re width ___,, Ss ee Ce ef 83 
Metacarpal II. ty long thin warn clacens ide Jade ojzs sth io tig 115 
a depth of facet for trapezoid ......... 62 
me width me ESR Cee 48 
43 depth of distal end.........eecesess 4] 
*; width iy ee Catal es Ue es tances 57 


Femur.—Two left femora (K.B.A.19 and K.B.A.63) were obtained in a good 
state of preservation. The head is relatively small and the great trochanter 
large. The lesser trochanter appears as a roughened crest just below the head, 
while the third trochanter is also well developed, forming a second crest, on the 
outer margin and slightly below the middle point of the bone. The shaft is 
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slender and much flattened antero-posteriorly towards the proximal end. The 
dimensions (in millimetres) of these two specimens are as follows :— 
K.B.A.19. K.B.A.63. 


Maximum length «2... 505 0 cce> ope ott too eee 850 855 
+" breadth (from inner margin of head to outer margin of 

great trochanter) 0... a082 06 5 «nwim ei nee eee 250 275 

” diameter ‘of head 7s)... «ci: tees ose > site eee 105 116 

Minimum: circumference: of shaft . . 52.523... «bastante eee 165 270 

Maximum width at third trochanter’... .J:..4 s.10e eeeeeeeie 106 118 

Pn depth at third trochanter (antero-posterior) ........... 74 75 

width at: distaliend. 7... 2.2 +6: caetel crore eee 160 160 

3 depth x 45.0) <o0'¥ ole betel oye ofeneleiel scan eee eee 143 170 


Tibia.—A right and left tibia (K.B.A.117 and K.B.A.62) were obtained, the 
latter being found in association with the larger femur (K.B.A.63) and probably 
belonging to the same animal. The proximal end of this bone is somewhat 
damaged, but the upper surface is occupied by two concave facets for the articula- 
tion of the femoral condyles, of which the inner is considerably the larger. The 
distal epiphysis is detached, which suggests that the animal had not reached 
maturity. Both ends of the right tibia are severely damaged, but it apparently 
belonged to a fully adult individual. 

Measurements (in millimetres) :— 

K.B.Ac117. K.B.A.62. 


Maximum length 5.25). o5 0 Fo onik one icles: + bigs 6 pe See 550 530 

depth at proximal end (front to back) ............... 1g he 120 

sd width at proximal end (side to side) ................. 170 170 

Minimum “width. of shatty . ... nc. samy lein cere eee eae eee eee 84 70 

3 CIBGUMTETENCE <6. (owas care cla bere 0 ears eee ee 140 205 
Maximum depth at distal end (front to back) ................... 92+ 100+ 
. width at distal end (side to side) ............-.+-e0-- 115+ 120+ 


Both the tibia specimens agree very closely in description and measurement 
with a specimen obtained by Dr. Felix Oswald from Karungu and described by 
Dr. Andrews in 1914, as possibly indicating the presence in those deposits of a 
Tetrabelodont at that time otherwise unknown. This material, therefore, supports. 
Dr. Andrews’s view. 

No other bones of the posterior limb were obtained. According to Osborn 
the femur of an Elephant represents 48-6 per cent. and the tibia 34-3 per cent. of 
the total length of the outstretched limb. Thus the femur and tibia Nos. K.B.A.63. 
and 62 should together represent approximately 83 per cent. of the length of the 
extended limb. In that case 83 per cent. = 1385 mm. .:. 100 per cent. = 1668 mm. 
= 5ft. 6in. (approx.). In the normal standing position of the animal the limbs. 
would not be fully extended, but there would be the additional height of the 
pelvis, which suggests that the pelvic height of the animal was about 6-7 ft. 
The ratio of shoulder to pelvic height is 7: 5 in IM. americanus (fide Schlesinger), 
and if we allow the same ratio in these African specimens the shoulder height 
must have been approximately 8 ft. 
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DISCUSSION. 


The Kiboko Island collection, although composed of isolated specimens, at 
least shows something of the dangers attached to the identification of Proboscidean 
species from inadequate material, and the uncertainty of some of the accepted 
definitions. It has already been pointed out that the nature of the deposit is 
such that it cannot represent any long period of geological time. A superficial 
examination of the material, particularly of the third molars, is enough to show 
either that several species are represented, or that we must allow for considerable 
individual variation of structural detail. 

Disregarding for the moment all considerations of geographical distribution 
and geological period, we find that one specimen in the collection (No. K.B.A.104) 
corresponds very closely to Lydekker’s type of Trilophodon angustidens var. 
palewdica, so much so, indeed, that one would hardly be justified in separating 
it from the latter form. Another specimen (J.O.H.B.) is almost identical in 
structure to Cook’s figure of the type of 7’. hicksi, though slightly smaller. Other 
lower molars and the upper incisors are somewhat similar to those of 7’. angustidens, 
whilst some of the upper molars appear to be typical of Osborn’s genus Serri- 
dentinus. The lower incisors in the collection are much flattened, and correspond 
more closely to those of Serbelodon than to any others hitherto described. 

It would surely be unreasonable to separate some twenty individuals of 
Mastodons from such a deposit into three or more genera, besides several species, 
but at the same time it would be unsatisfactory to regard the whole collection as 
representative of any one of the species which some of the specimens resemble. 
The material appears to combine some of the characters of several known genera 
and species, and it is, therefore, necessary to distinguish it in some way from 
them all. There does not, however, appear to be any justification for the addition 
of yet another genus to the already overcrowded Mastodontoidea, although to 
postulate that the material represents a single species we must allow as individual 
variation, differences in structure which certain other authors have previously 
considered to be of specific or even of generic significance. 

Assuming that the material may be referred to a single species, it is necessary 
in drawing conclusions from it to take into consideration the material as a whole, 
and not the individual specimen. The right lower third molar (No. K.B.A.104), 
already mentioned, is found to bear a close resemblance to Lydekker’s type of 
T. angustidens var. paleindica, both specimens being in a partly worn condition. 
Lydekker, however, separated his form on the structure of the valley cusps, 
pointing out that they were isolated, arising independently of the ridges, and he 
suggested that this arrangement was characteristic of the Indian forms, and not 
found elsewhere. In the worn condition of his type tooth, these valley cusps 
appear to come equally into contact both with the ridge in front and the ridge 
behind, a condition exactly reproduced in the Kiboko Island specimen. Thus, 
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superficially it appears that his contention cannot stand. On the other hand, 
amongst the unworn lower third molars in this collection, not a single specimen 
shows true isolated valley cusps, but only enlarged posterior buttresses which are 
more or less closely attached to the pre-trite cusps ; we must, therefore, conclude 
that even the worn specimens originally exhibited the same structure. In that 
case the isolation of the valley cusps in some of these African teeth is apparent 
rather than real. Thus it is clear that since it is impossible to distinguish between 
true and apparent isolation of valley cusps in worn specimens, this character is. 
not, perhaps, of such great significance, or at least that conclusions can only be 
based upon it in the case of unworn material. 

It has been stated previously that some of these African teeth are somewhat 
similar to those of 7’. angustidens. A specimen in the British Museum (No. 35233): 
from Simorre, the type locality of the species, shows much the same general 
structure as the pair of lower molars (K.B.A.41 and 46) in this collection. The 
anterior part of this tooth is missing, but the posterior ridges are relatively 
broader and more hypsodont ; the subdivision of the main cusps is less distinct 
and the valley cusps are more massive. A similar tooth from Baluchistan 
(M. 12183), described as the same species, differs from some of the African 
specimens only in the details of the posterior end, whilst a second from the same 
locality (M. 12182), shows throughout a more simple, and therefore perhaps a 
more primitive structure than most of the African material. 

These points of difference appear to indicate differences of detail which in 
themselves could not be held to be of specific value, since the material previously 
assigned to 7’. angustidens includes both more specialized and more primitive 
forms. On the other hand, if we admit the possibility of referring all the material 
of the Kiboko deposits to a single species, the occurrence of flattened lower incisors. 
at once distinguishes this form from the typical 7’. angustidens, in which all the 
known lower incisors are slender and nearly cylindrical. The same feature 
distinguishes the material from the genus Serridentinus, in which the lower incisors. 
are described as “ short, round and blunt,” although some of the upper third 
molars from Kiboko Island are very similar in structure to some of Osborn’s. 
examples of that genus. Certain other species of T'rilophodon are known in which 
there is a tendency towards flattening of the lower incisors, but none of these 
attains such a high degree of compression as the African specimens. It is possible 
that there might be a connection with the Moghara specimens described by 
Fourtau, but until further evidence is available the difference. in the size of the 
second molars appears to distinguish the Kiboko Island material from the 
North African. 

It will be seen from the description and figures that the most characteristic 
feature of the upper third molars is the great enlargement of the anterior 
buttresses of the pre-trite cusps. This feature, combined with the relative 
decrease in size of the median subdivision of the main cusp, produces an apparent 
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twisting of the cusp about its own vertical axis. In this respect the teeth approach 
the condition found in Synconolophus, though they clearly represent a less highly 
specialized form; but again the presence of lower incisors in the collection 
disposes of any possibility of connection. It is perhaps of some significance, 
however, that in the worn condition the enamel figures of the pre-trite cusps 
project diagonally forwards, and tend to interlock with those of the post-trite 
cusps. Thus we have what appears to be a primitive stage in the “ alternating 
cusp” arrangement, and it seems possible that this is the ancestral form which 
gave rise to the Mastodons of the Pleistocene of Kanam, in which a further stage 
of the same development is observed. (See Part II.) 

The study of the known Mastodon remains from all over the world has led 
to the belief that the third molars of this group, as of most of the Proboscidea, 
developed by the addition of cusps and ridges at the posterior end of the tooth. 
This increase in the number of ridges would naturally lead to an increase in the 
length of the tooth, and also in the number of individual cones, or ‘‘ conical coronal 
elements.” The late Professor Osborn suggested on these grounds that reference 
to the number of conical elements, and to the number of actual ridges of a third 
lower molar, should be sufficient to determine the exact stage in the evolutionary 
development of any given specimen, and therefore the exact geological horizon 
to which it belonged. 

Osborn’s table of development is as follows :— 


Total 
conical 
elements. 

Upper Miocene .... T'rilophodon macrognathus ...... 53 ridge crests .... 26 
Middle __,, we. . Chinjiensis .....000 53. sCO«, ep ous ae 27 
Lower Y a2 3 paleindicus ........ 41 ,, pe Pid 20 
Basal 6 ete . COODETS Ts ais a5 tid id «dite 44, ue 19 
Lower Oligocene ... Phiomia osborni .........0+0005- Be ce is 10 


It is not always easy to determine whether the posterior end of the tooth is 
composed of a very large talonid, or a small ridge and small talonid. Osborn 
gives no exact definition of his fractions, but comparison of his table with figures 
of the species included, appears to show that the hindermost conelets are repre- 
sented by the fraction, and the cusps immediately anterior to the latter are 
regarded as a ridge, however incomplete. ‘The size of the fraction appears to be 
purely arbitrary, depending upon the judgment of the examiner, and the point is 
therefore open to differences of opinion. For the purpose of this discussion I 


attempt to apply Osborn’s standard, by using fractions only to indicate the 


hindermost conelets, however incomplete the preceding ridge may be. On the 
other hand, I propose to regard the true ridges as being composed. of five main 
parts, namely, the two divisions of each post-trite and pre-trite cusp and the 
pre-trite buttress. The fractions are, therefore, all shown in fifths, and the 
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formula 42 indicates that the tooth comprises four more or less complete ridges, 
and a posterior part composed of two conelets. 

It would perhaps be more satisfactory to employ a more detailed formula 
based upon the same principle, by which it would be possible to show that in 
some cases the posterior part of the tooth comprises an incomplete ridge in 
addition to the talon or talonid. In this collection K.B.A.61 has a ridge formula 
42, while the opposite tooth of the same individual (K.B.A.65) lacks an essential 
cusp in the last ridge. This could then be expressed by the formula 3:+=, which 
would indicate that the fourth ridge was incomplete. Such a system would, 
however, be confusing in the present circumstances, and would render any 
comparison with Osborn’s table impossible. 

In the development of the ridges as in certain other respects, the Kiboko Island 
material does not conform to convention. With the exception of some of the 
pairs of teeth no two specimens are really identical in structure, and it is possible 
to arrange the third molars in various series, each of which shows an apparently 
constant development of some feature from a primitive to a more advanced form. 
These series may be tabulated as follows ;— 


Total coni- Ridge Buttress Breadth 
cal Elements Development Development Length 


KB.Ae001 35 «Ae 200 eAe002 462—————XB. A.002 432 
KBeAe 61 3 2As001 KB +Ae004 164—————KB. A001 & 30h 
KB.Ae002 33 «Ae 002 KB eA.003 =43°9 
KB. Ae 65 31 eAs 003 B Be oAe 203 44e0 
KB.Ae-200 3 Ae 203 R eA. 200 4e 7 
KB. A. 203 28 oAc 61 = KB RSeheA. 46°2 
KB.A-003 26 eA. 65 KB KB eAet14 = 4993 
KB.Ae144 2k + Ae OOK, KB KP ————KB.As00h  50*3 
KB.A.O0h 2) KBeAet11 KA () KB oAc2hLe 50°8 
KB. Ae 100R. 22 SeheAs 2 ea KB 2A. 65 5105 
KB. A. 100L. 22 . KB B.Ae100L.121 eAce2QkRe 5305 
KB.Ae24R. 21 KB KBe Ae 100R.114 KBe Ac 61 5,08 
KBeAce2hL. 21 KB KB 118 KB.As100L. 57*7 
RSeheAe 2 R KB 114 -A.100R. 58°8 


JOHe Ac 297 177. OH. A» 36°2 
JOH.Be 29 0 Ae 20h 17 oAchk3 36°8 
KBe Ac 204A. 28 And 171 OH.B. 37°5 
KB. Ae 204 oAck6 2Ae1041 169 ook 38°9 
KB. Ac&1 28' eAe104 «Ae 20) 16 7 Aei04 39°6 
EBeAeL6 28 JOH. As eo Ae 20hAe 165 eAe202 39°77 
KB.Ace101 26 , TOHeBe Be 165 + Ack6 4.0¢0 


KBeAco 202 25 KB. A. 202 oA 16 Se4eBe 47°0 
KB. Ack3 Magee ak ache y KB. As 202 156 «Ac 20hAe 43°6 
RGeheBe 24 oAeh3  UY5 BebeBe 146 +Ae20h hho 0 


KBeAc104 20———KBeAc104 = bg —————————KB.A.10h 133-————KB.Ac10h 86 Soh 


CAONVACV | 


SuvIOnN aidan oo 


——— SEVION FIMOT 
MAILINIGd ——-—— GHONVACV GAILINIUd 


The development of all these characters might be expected in an evolutionary 
sequence from primitive to advanced forms. The table shows that certain 
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specimens are more or less constant, particularly the third lower molar K.B.A.104, 
which is consistently the most primitive, and the upper molars K.B.A.001 and 002; 
which are always near the top of the series. On the other hand, other teeth show 
little consistency, exhibiting great development of one or more characters, and a 
lack of development of other features. This seems to suggest a number of closely 
connected radiations, whereby some individuals attained a high degree of 
specialization, whilst others retained the primitive characters. In that case the 
material cannot represent a true evolutionary sequence, but must be regarded as 
showing a series of contemporary variations within a group. Thus it appears 
that Osborn’s theory of correlation between evolutionary development and 
geological period cannot be applied to the Mastodons of East Africa. 


CONCLUSIONS. 


The foregoing discussion has been somewhat confused by the consideration of a 
mass of details in the structure of the Mastodon third molar, which appear to 
have contradictory implications. In the human race the complete absence of 
the third molar is a comparatively common occurrence, but we do not regard 
such individuals as members of a different species. Surely, then, the presence or 
absence of a relatively minute conule in the third molar of a Mastodon should 
also be regarded as an individual character and not of specific significance. It 
seems possible that in the past we have been led astray by the size of Proboscidean 
teeth, and have thus come to lay undue stress upon characters which, relative to 
the bulk of the animal, are quite insignificant. The implications of the Kiboko 
Island collection appear to be largely destructive of some of the accepted theories, 
but it may also be considered to afford a basis for the construction of new theories, 
if we are prepared to admit that the Mastodon third molar was almost infinitely 
variable within somewhat wider limits than have hitherto been employed. 

The question therefore arises: are we to assume that such an extent of, 
individual variation could only have occurred in Africa, or that what was possible 
in Africa may also have been possible elsewhere? Previous work on the 
Tertiary mammals of East Africa has already shown that there was a tendency 
amongst certain species and genera to persist long after they became extinct in 
other parts of the world. It is therefore possible that Africa has always been a 
** back-water continent,’’ where the varying altitudes have aftorded conditions 
suitable to all requirements, even during climatic changes which would otherwise 
have proved fatal. Thus the primitive forms might have persisted, but also any 
mutation which might have given rise to another form would have been equally 
likely to persist, although it would not necessarily have been so much more 
efficient as to provide competition sufficient to exterminate the earlier variety. 

If this were the case one might expect this collection to represent a late phase 


in the development of the Trilophodont Mastodons, and it is therefore particularly 
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unfortunate that the date of the Kiboko Island deposits cannot yet be determined 
on purely geological grounds. For the purpose of dating we have only the 
evidence supplied by the fauna itself, which, in the circumstances, is clearly 
unsatisfactory, and it seems impossible to do more than refer the collection to the 
Miocene without making any more exact determination. 

In conclusion, it is necessary to summarize the main points that arise from a 
detailed study of these remains. 

The exact horizon of the deposit is ndeterminate, but the nature of the sediment 
and the condition of the fossils seem to indicate that the specimens under con- 
sideration were nearly contemporary. The Mastodon third molars obtained from 
this deposit show a great range of variation, and include specimens similar to 
the types of various known species from India, Europe and the United States, 
amongst a total of probably less than twenty individuals. It is thought to be 
unreasonable to separate such material into the several genera and species which 
at first sight it appears to represent, and for the purposes of identification the 
whole collection is regarded as belonging to a single species. It therefore becomes 
impossible to include it within any of the known species on account of the com- 
bination of widely divergent characters exhibited by the material as a whole. 
By comparison with Osborn’s table illustrating the suggested evolutionary develop- 

‘ment of the Trilophodont Mastodons, this subspecies, and therefore the deposit 
from which the specimens were obtained, would appear to be representative of a 
period of fourteen million years, namely, the whole of the Miocene epoch. This 
is considered unlikely, and it follows that Osborn’s theory cannot be applied to 
the Mastodons of East Africa. Thus we have a single species, the teeth of which 
show a degree of individual variation hitherto considered to be far beyond the 
scope of so small a subdivision of the Proboscidea. Are we then to postulate 
that such a range of variation is only possible in Africa, or that it does in fact 
occur elsewhere, but has not yet been recognized owing to the normal scarcity of 
sufficient material from so restricted an area 

Should the latter eventually prove to be the case, it will involve a complete 
revision of the existing species of the Mastodontoidea, in which the arbitrary 
divisions of species must be based upon some more general characters than have 
hitherto been employed. At least it is clear that the differences in the structural 
detail of the molars is insufficient for systematic definition. In the present state 
of our knowledge, however, the question must remain open, and I therefore refer 
this material to the group T'rilophodon angustidens, distinguishing it from all the 
known forms for the reasons which have already been explained in detail, under 
the new subspecific name kisumuensis. The third name is derived from the town 
of Kisumu in order to give an indication of the geographical position. 
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Part If.—POST-MIOCENE PROBOSCIDEA. * 
_SOME POST-MIOCENE PROBOSCIDEA FROM EAST AFRICA. 


INTRODUCTION. 

The material here described was obtained in 1932 and in 1935 by the author 
and other members of Dr. L. S. B. Leakey’s East African Archeological 
Expeditions. The collection consists mainly of specimens from the deposits 
of Kanam and Kanjira, on the southern shore of the Kavirondo Gulf of Lake 
Victoria, with some additional material from the region of Lake Eyasi in 
Tanganyika ‘Territory. 

During the preparation of this paper it has been found that in previous literature 
there has been a certain inconsistency in terminology, and insufficient explanation 
of the terms used by some authors. This is particularly so in the case of measure- 
ments, and since some of the figures given in the tables of dimensions are taken 
from the works of other authors, it is possible that they represent a different 
system of measurement from that employed in this paper. In the original 
description of Archidiskodon hanekomi, Professor Dart states that in the type 
tooth (U.M.3) 17 plates are visible, varying in thickness from 11-15 mm., and that 
the interlamellar cement varies from 10-12 mm. in thickness, which implies a 
total length of at least 347mm. Dart himself, however, gives the length as 
200 mm., and points out that the tooth “ differs entirely from any hitherto 
discovered in South Africa, being considerably shorter (200 mm.) than it is high 
(259 mm.).”’.. On the other hand, the figures of the specimen show that the total 
length greatly exceeds the maximum height of any plate. Thus it is clear that 
Professor Dart has employed a system of measurement in which the term “ length ” 
does not indicate the total distance from the anterior to the posterior plates. It 
appears from the figures that this measurement represents the length of the 
worn surface on the crown, whilst the “‘ height ” refers to the maximum vertical 
height of the specimen, perpendicular to this plane of wear and not to the height 
of any individual plate. This, however, is not made clear in the text. 

To avoid undue confusion, therefore, it seems advisable to explain in detail the 
meaning of certain common terms, as used in this paper. 

1. “ Plates” or “ridges”? refer to the enamel folds of the crown. In the 
worn state they may be termed “ enamel figures’ where lakes of dentine are 
surrounded by continuous bands of enamel. In the intermediate stage, where 
the plate is but slightly worn, the surface appears as rings or ovals of enamel. 

2. The formula x7 x denotes the presence of seven true plates with additional 
anterior and posterior talons. 

3. All measurements are taken in millimetres unless otherwise stated. 

4. Length measurements refer to the extreme length of the crown, i.e., the 
maximum distance between the anterior and posterior talons or plates (taken as 


* These specimens, also, have been deposited in the British Museum (Natura! History). 
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nearly as possible at right angles to them). Where either end is damaged the 
measurement given refers to the extreme length of the fragment, followed by 
the sign + to indicate that it may originally have been slightly longer. 


5. Breadth measurements refer to the maximum width of any part of the 
crown, approximately at right angles to the longitudinal axis of the tooth. The 
accompanying Roman figure indicates at which ridge this maximum width occurs. 


6. Height measurements indicate the maximum height of enamel of any 
plate. 


7. The lamellar frequency refers to the number of plates which occur in any 
space of 100mm. Its significance is somewhat doubtful, and since the number 
tends to vary in different parts of the tooth, the frequency has been calculated 
in each case, and therefore represents the average. 


8. Column headings are as follows:—L.F.—Lamellar frequency; E.T.= 
Enamel thickness ; E.¥.—the number of enamel figures present ; A.L.—Abraded 
lamelle, 7.e., ridges that show slight wear insufficient to produce enamel figures ; 
D.=Digitations, i.e., the number of cones to each ridge. The terms in the 
development column refer to the ridge structure. Thus Lat. lam.—lateral (at 
either end of the ridge) lamella, a plate or oval of enamel. Med. an.=in the 
middle of the ridge, a ring of enamel. 


9. The following is a list of terms commonly found in previous works, together 
with the meaning in which they are used in this paper :— 


Brachydont = low crowned. 
Hypsodont == MO! sg 
Laticoronate me URAL” & 
Angusticoronate = narrow ,, 
Parsilamellate = few ridges. 
Densilamellate = many ,, 
Pachyganal = thick enamel. 
Endioganal = thin fs 


DEINOTHERIUM Bozast Arambourg. (Type locality, Omo River.) 


Locality.—Kavirondo, Kenya Colony (Kanam East). 

Horizon.—? Lower Pleistocene. 

Material—A right upper fourth premolar and a left lower second molar. 

Description.—In the fourth upper premolar (PI. VII. fig. 1) the outer cones 
(protocone and tritocone) have united to form a ridge. The deuterocone is almost 
connected with the protocone by a transverse ridge, while the tetartocone is 
entirely isolated. In this respect the tooth differs from the corresponding teeth 
of the Miocene form D. hobleyi, in which the tetartocone is connected with the 
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tritocone by; a, second transverse ridge. The cingulum is absent on the external 
border, but is well marked on the remaining three sides. The tooth is not avita 
square, being slightly shorter on the internal border than on the external. 

_ The second lower molar (PI. VII. fig. 2) consists of two simple transverse ridges 
and a well-defined posterior talonid. In structure this tooth is very similar to 
those of D. hobleyi, though the talonid is relatively smaller. The enamel is smooth 
and the tooth is slightly longer than it is broad. The dimensions of the two teeth 
(in millimetres) are as follows :— 


Length. Enamel Separation 
Ext. Med. Int. Breadth. MHeight. thickness. of ridges. 
RU. Pm4e ee. ot 84 78 65 83 51+ 3:5 — 
Badin Manish cetals nitude Ae 74 42-4 3-4 40 


The teeth are somewhat similar to those obtained in the Olduvai deposits 
which Hopwood (1936) included in the species D. bozasi, described by 
Arambourg in 1934 from the Omo River (Southern Abyssinia). Osborn (1936) 
re-named the Olduvai material D. hopwoodi on account of the size of the teeth 
(intermediate between D. giganteum and D. gigantissimum) and because the 
molars show the distinct conelets of each crest. Osborn, however, makes no 
mention of Arambourg’s species, D. bozasi, though he is inclined to include in 
his D. hopwoodi, material previously described from the Omo River by Haug (1911) 
and by Joleaud (1928) as having affinities to D. giganteum. It is unfortunate 
that whereas Arambourg’s type-specimen consists of a mandible from which the 
molars are lost, Osborn’s type is a pair of isolated third molars, and it is therefore 
impossible at present to make any comparison between the two species. It seems 
likely, however, that only one species is represented, and as the name given by 
Arambourg has precedence I include the Kanam material in his species D. bozast. 


PENTALOPHODON SIVALENSIS KENYENSIS, subsp. nov. 


Diagnosis.—A Pentalophodon in which the second molars have four ridges. 
Cusps arranged in alternating series, though incompletely dislocated. 

Holotype.—-A left upper second molar K.E.20 (Pl. VII. fig. 5). 

Paratype.—A fragment of right upper third molar K.E.24 (Pl. VII. fig. 6). 

Locality.—Kavirondo, Kenya Colony (Kanam East and West). 

Horizon.—? Lower Pleistocene. 

Material.—A right upper M.1 (?) from Kanam West (K.W.5). A left upper and 

lower M.2 (K.E.20 and 21) of a single individual. An isolated right upper M.2 
(K.E.22). The posterior ends of a right and left upper M.3 (K.E.24 and 23) and 
the anterior ridge of a left upper M.3 (K.E.25). 
. Remarks.—The material from Kanam East was obtained from a single site, 
and with the exception of the tooth K.E.22 probably belongs to a single animal. 
The anterior ridge of a left upper third molar may be a part of K.E.23, but there 
is no point of contact between the two fragments. 


POST-MIOCENE PROBOSCIDEA FROM EAST AFRICA. 83 


“* Description.—The right upper first molar (Pl. VII. fig. 3) is incomplete at: the 
anterior end. The fragment consists of three complete ridges and a talon, and 
has apparently lost one ridge from the front. The three remaining ridges are 
unworn, and are slightly oblique to the longitudinal axis of the tooth, with the 
pre-trite cusps in advance of the post-trite. The post-trite cusps consist of a 
large lateral and smaller median cone, with a posterior buttress arising from the 
median cone. The pre-trite cusps have only a very small median cone, and a 
large anterior buttress, arising mainly from the lateral cone, projects diagonally 
forwards, coming into contact with the posterior buttress from the post-trite 
side of the preceding ridge. The four divisions of the ridge actually lie in a 
straight line, but this line is so oblique, and the anterior buttress so much larger 
than the median division of the pre-trite side, that the cusps appear to be dis- 
located, and in the worn state would interlock in alternating series. This is 
shown by the left upper second molar (Pl. VII. fig. 5) from Kanam East, which 
is almost complete but considerably worn. The cusps of the first ridge have united 
with the anterior talon, whilst the remainder are still distinct, with the exception 
of the last pre-trite, or eighth cusp, which has united with the posterior talon. 
The pre-trite cusps appear as oval lakes of dentine lying at an oblique angle, 
with the median part projecting forwards, whilst the post-trite cusps are almost 
circular. Thus the median part of the pre-trite oval, which probably represents 
the anterior buttress, comes equally into contact with the post-trite rings of its 
own ridge and of the ridge in front. The corresponding lower second molar 
(Pl. VII. fig. 4) shows a somewhat greater extent of wear, since all but the last 
ridge and talonid have united. The worn surface in both these teeth extends 
diagonally from the antero-internal to the postero-external corners in the upper 
tooth, and vice versa in the lower. In the latter no enamel remains on the anterior 
margin nor on the external borders of the first two ridges. The structure is thus 
largely obliterated, but it appears to have been similar to that of the upper tooth. 
The two fragments of upper third molar (Pl. VII. fig. 6) both consist of the 
two posterior ridges and the talon. The specimens are unworn, and the alternation 
of the cusps is therefore less marked. The subdivision of the main cusps is scarcely 
apparent, but can just be seen at the apex of the post-trite cusp. On the pre-trite 
side, however, the median subdivision appears to have been lost altogether, 
whilst the anterior buttress has assumed very large proportions and is itself 
subdivided. The posterior buttresses from the post-trite side are absent. In 
the worn state the cusps would again appear to be in alternating series. Thus 
it is clear that the apparent dislocation of the pre-trite and post-trite cusps in all 
these teeth is not a true dislocation, but is brought about by the increase in size 
of the anterior buttresses. . 
~The right upper second molar (K.E.22) is very much worn, and the enamel 
only remains along the outer margin. This shows four lobes and part of a fifth 


at the posterior end. By comparison with the other upper second molar this 
M2 
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posterior lobe probably represents the posterior talon, and not a fifth ridge. No 
other details of structure can be seen, but the approximate measurements are of 
interest in showing that the tooth belonged to a considerably larger animal than 
the other teeth from this site. 


Number. Tooth. - Breadth. Height. Index. 


K.W.5 R.U.M.1 p 68 IIT 47 IIT 


K.E.20 L.U.M.2 


K.E.21 L.L.M.2 


K.E.22 R.U.M.2 158+- 


K.E.23 L.U.M.3 108+ 89 IV ? 


K.E.24 R.U.M.3 : 92 IV ? 55 IV 


K.E.25 L.U.M.3 83 I 38 I 


These specimens may be compared with material in the British Museum from 
the Red Crag, referred to Dibunodon arvernensis, and also to material from the 
Siwalik Hills described as Pentalophodon sivalensis. Both these forms show a 
considerable range of variation, but in the worn teeth the cusps appear to be 
arranged in alternating series in either case. On the whole, as Dr. Hopwood has 
pointed out (1935), the true dislocation of the pre-trite and post-trite cusps is 
more commonly found in P. sivalensis than in the European form. The African 
teeth are very similar in structure to specimens in the British Museum Nos. M.7338, 
M.9139 and M.3774 from the Red Crag referred to D. arvernensis, but the latter 
are more angusticoronate. On the other hand, a tooth registered No. 16313, 
one of the type-specimens of P. sivalensis, is a worn upper second molar which is 
virtually identical to one of the African teeth (No. K.E.20). Thus, since the 
faunas of Africa seem to show an Asiatic rather than a European influence, I 
propose to separate these new teeth as a geographical race of P. sivalensis by the 
addition of the subspecific name kenyensis. 


STEGODON FUCHSI, sp. nov.* 

Diagnosis.—A Stegodon in which the plates of the second molars are widely 
spaced, and the enamel relatively thin. Formula of first and second molars x6 x. 
Cement probably well developed. 

Holotype.—A fragment of right maxilla bearing a complete second molar and 
parts of a first molar. 

* See also Hopwood in O’Brien, The Prehistory of Uganda Protectorate, Cambridge, 1939. 
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Locality.—_Lake Edward, Uganda Protectorate. 

Horizon.—Kaiso series. Lower Pleistocene.* 

Material.—(As holotype.) 

Dimensions.—(See table.) 

Remarks.—This material when first found by Mr. Fuchs in 1931 consisted of 
the greater part of a skull. The maxilla fragment, being detached and of reasonable 
proportions, was fortunately preserved separately, whilst the remainder of the 
skull disintegrated beyond repair, in transit to Kampala. 

Description.—Only two fragments of the first molar are preserved. The 
anterior piece shows the lingual ends of two anterior ridges and part of a third, 
whilst the larger piece comprises the posterior third of the tooth. In spite of the 
intervening gap, however, it is clear that the ridge formula was x6 Xx, whilst the 
length of the tooth must have been approximately 146mm. The tooth is con- 
siderably worn, so that the details of the ridge structure are somewhat obscured. 

The second molar is complete and also has the ridge formula «6x (Pl. VII. 
fig. 7). The wear has only affected the anterior talon and the first ridge. The 
first four ridges are nearly parallel to each other, but are slightly oblique to the 
longitudinal axis of the tooth, whilst the last two ridges are at right angles to it. 
Thus the fourth and fifth ridges are not parallel, but diverge towards the inner 
margin. The first ridge is somewhat irregular, the pre-trite side being crescentic, 
whilst the post-trite part is normal. The two parts are separated by a well- 
marked median cleft. The pre-trite crescent is anteriorly concave, and from the 
median horn a buttress projects forwards to the anterior talon. The whole ridge 
is clearly divided into four main parts, each of which is considerably subdivided. 
The second ridge again shows the median cleft, and has a trace of the anterior 
buttress projecting from the median part of the pre-trite side, which appears 
only as a swelling towards the base. The third and fourth ridges are partially 
obscured by cement, but both appear to have been composed of four main parts. 
The fifth and sixth ridges each shows four divisions of varying value. Thus the 
mammillary formula, as employed by Dr. Hopwood, is as follows :-— 


(M=large mammilla ; m=small mammilla ; b=buttress; :=deep cleft ; ( )=main divisions of ridge. 
Post-trite. Pre-trite. 
Anterior talon .......+.see0. (Mm) (mm) (M) (mM) 
PAA ge a chs wie wie se.n 0's (M m) (M M) : (m® M M) (MM) 
ee ae Eee (M m) (M mm): (m° M m) (M) 
Oe ee ee (M):(Mmmmmm) (mm): (M) 
JC SOR a eee ce (M):(Mmmmm) (mM): (M) 
BE tn cers sy'n cs B ns.nie (Mm M):(mM) (m MM): (M) 
EMER Mocs vw ie ss seg ss (MM):(mmmM) (M) (M) 
Posterior talon. ...........-. (M) (mM) (M) (M) 


AEE ET es ena Cn aEEEEen 
* Fuchs, V. E., 1934, Camb. Exped. to East Africa, Geol. Mag. vol. lxxi. nos. 837-8, p. 157. (Table 
of fossiliferous bands No. 2.) 
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The gradations in size between the large and small mammille, and the relative 
values of the clefts are such that this method of expressing the formula is open to 
criticism. It seems also that the division of the ridges into cusps, and the sub- 
division of the cusps into mammille, is so variable as to be of little significance 
in systematic identification. The formula serves, however, to give some indication 
of the disposition of the component parts in a more simple form than by detailed 
verbal description. The teeth were probably well covered with cement, most of 
which has been lost post-mortem. 


Dimensions of teeth (in millimetres) :-— 


Max. Max. Lamellar Length 
Plates. Length. Breadth. Height. frequency. Breadth. 
Mel x 6X O..\.c0d98e Baek 146 75 VI — 4-1 1-9 
M20 O38 amlts << hees 193 91 IV 54 IV 3:1 2:1 


The second molar is not unlike the type-specimen of S. clifti in the British 
Museum (No. M.10520), but the ridges are more widely separated and the tooth 
is longer than the Indian specimen, and appears to be of a more advanced species: 
The enamel is thinner and the tooth much less massive than corresponding teeth 
of S. bombifrons. The teeth of S. insignis and S. ganesa are clearly more advanced, 
having a ridge formula of 7-10 in the second molars. These African teeth must, 
therefore, belong to a different species from the known Asiatic varieties, and it is 
the first representative of the Stegodontide to be found in Africa. I therefore 
propose the new specific name Stegodon fuchsi after the original discoverer, 
Mr. V. E. Fuchs. 


ARCHIDISKODON PLANIFRONS NYANZA, subsp. nov. 


Diagnosis.—An Archidiskodon with brachydont, laticoronate third molars, 
Ridge formula about «7x ; lamellar frequency about 3-5. ; 

Holotype.—A right upper third molar K.E.101. (Pl. VII. fig. 8.) 

Locality.—Kavirondo, Kenya Colony (Kanam East). 

Horizon.—? Lower Pleistocene. 

Material.—A pair of upper third molars of a single individual (Nos. K.E. 101 
and 102) A left lower third molar (K.E.1) and three indeterminate molar 
fragments (K.E.2, 3 and 4). 

Dimensions.—(See table.) 

Remarks.—Pohlig considered that Falconer’s EL. planifrons represented the 
transitional stage between his new groups, the Archidiskodonta and the 
Loxo-(disko)-donta. Subsequent authors have placed it within the former group, 
together with a number of other forms. As a result the Archidiskodonta no 
longer conform to Pohlig’s original diagnosis as having brachydont, laticoronate, 
parsilamellate, pachyganal third molars, since such forms as A. imperator and 
A. hanekomi are included, which have the most hypsodont teeth known, | fee 
crown attaining the belzit of 260 mm. (10-25 inches). 
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Description.—The upper molars (Pl. II. figs. 8 and 9) were found in close 
association, and clearly belonged to a single individual. Both teeth are con- 
siderably worn, and show slight post-mortem abrasion at the anterior ends. The 
structure of the anterior part is, therefore, somewhat obscured, but it appears 
that the formula of both teeth was x7. The anterior talon and the first two 
plates have united, through wear, into a single irregular enamel figure. The 
pattern of the third plate is almost symmetrical about the middle line of the 
tooth, showing a slight constriction of the enamel at this point. The fourth plate 
is again worn to form a complete enamel figure, which has a more sinuous outline, 
owing to the irregularity of the component parts. The median division of the 
inner part is set well back from the general line of the plate, and is situated nearly 
on the middle line of the tooth, while both the outer and inner parts are slightly 
oblique to the longitudinal axis, with the extremities directed backwards. Thus 
the resulting pattern is that of a somewhat irregular and shallow W, with the 
base directed forwards. In the left molar this plate is split along its own axis 
and the posterior half is displaced, but it appears that the dislocation of the median 
cone was less marked than in the right molar. The fifth and sixth plates are less 
worn, so that the component parts are clearly visible. In the right molar the 
pattern of both these plates consists of two ovals of enamel, separated by two 
rings. In the former the arrangement is more or less symmetrical about the 
middle line, whereas in the latter the outer oval is separated from the remainder 
by a deep groove. In the left molar the wear is slightly less, and the outer oval 
of the fifth plate is still separated into two parts. The outer and inner parts of 
both these plates, which correspond to the outer and inner ovals in the right 
molar, are separated from each other by only a single ring of enamel. Thus the 
fifth and sixth plates of the left molar are symmetrical about a single central 
pillar, whilst in the right molar they are symmetrical about the division between 
two median pillars. The seventh plate in both teeth is composed of three cones, 
the innermost of which is subdivided into three parts in the right molar, and two 
parts in the left. The posterior talon consists of two cones. The plates all 
show a very slight curvature, being convex in front and concave behind, and the 
intermediate valleys were probably well filled with cement, most of which has 
been lost post-mortem, except at the posterior end. The first two plates are 
supported by two anterior roots, whilst the remaining five plates and the talon 
are supported by the large posterior root. The plane of wear is slightly convex 
and makes a very low angle with the base of the crown, unlike the sharply oblique 
plane of wear in the teeth of recent Elephants. 

The third lower molar (Pl. VII. fig. 10) is less complete than the upper teeth, 
having lost part of the front and nearly all the labial side. The tooth is again 
well worn, and even the talonid appears to have been in use. At the anterior 
end of the fragment a portion of enamel forming the posterior wall of a plate is 
visible which may represent the first or the second plate. Behind this the lingual 
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halves of three plates are present, all of which were worn to complete enamel 
figures, but were probably not united. The median part of each plate curves 
slightly forwards, which suggests that the plates were anteriorly convex, as in 
the upper molars. The penultimate plate is rather more complete, having the 
greater part of the posterior enamel wall. It appears to have resembled the 
right upper molar in structure, consisting of two ovals of enamel separated by 
two rings. The last plate is composed of three main parts, the outer and middle 
cones being subdivided into two. The talonid consists of two simple cones. 
The most striking difference between this specimen and the upper molars is the 
presence in each valley of an isolated median conule. These appear to have 
been situated slightly to the labial side of the longitudinal axis of the tooth, and 
they possibly represent posterior buttresses from each plate. In the worn state, 
however, they come into equal contact with the plates in front and behind, 
completely blocking each valley. A considerable amount of cement is still present, 
particularly at the posterior end of the specimen. The worn surface is concave 
and very nearly parallel to the base of the crown. 

The table of measurements on p. 88 gives the dimensions in millimetres of 
the Kanam and Laetolil teeth (pp. 91-92) of A. planifrons nyanze in comparison 
with similar measurements of British Museum specimens from the Siwalik Hills, 
referred below to Matsumoto’s form Leith-Adamsia siwalikiensis. 


DISCUSSION. 


The extent of abrasion and the post-mortem damage to these specimens renders 
exact comparison with other forms somewhat unreliable. It is clear, however, 
that they have no affinities to the Loxodonta, which are characterized by their 
hypsodont angusticoronate molars, nor to Pilgrimia, distinguished by angusti- 
coronate, densilamellate molars. EH. (Archidiskodon) meridionalis, Elephas zulu 
and Palcoloxodon antiqguus all have more hypsodont and densilamellate teeth 
with thinner enamel. It seems then that these African specimens bear a closer 
resemblance to Archidiskodon planifrons than to any other form. 

Examination of the material in the British Museum collections from the Siwalik 
Hills, which is referred to the species Hlephas planifrons, shows that there is 
considerable variation in the form of the molars, and for this reason Matsumoto. 
in 1927 separated some of these specimens under the new generic name Leith- 
Adamsia. His diagnosis shows that the cheek-teeth of this genus are angusti- 
coronate, subhypsodont, with low ridge formula and a trace of an obtuse Loxodont 
sinus. One of his type-specimens, however (No. M.3070), appears to belong to a 
typical Z. planifrons, and if his genus is valid I choose the other of his syntypes 
(No. 36695) as lectotype. On the other hand, a close study of the material shows 
that there are in the Siwalik collection a number of specimens with a structure 
intermediate between that of the typical H. planifrons and the archetypal Leith- 
Adamsia. This seems to indicate that the material represents an ascending 
series from the primitive angusticoronate form of Leith-Adamsia, through the 
VOL. xxv.—ParT ul. No. 8.—July, 1942. N 
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intermediate varieties (British Museum Nos. M.3081, 36693, etc.) to the lati- 
coronate teeth with regular ridges which are typical of the true Elephas planifrons 
(No. 15357, etc.). If this be the case it seems that the primitive form scarcely 
deserves generic distinction, but might rather be referred to a subspecies of the 
group, under the name A. planifrons swwalikiensis. 

In general ridge structure the African teeth bear some resemblance to two 
specimens in the British Museum (Nos. 36695 and 36696), which clearly are a right 
upper and a right lower third molar of a single individual. They are probably 
more advanced than the latter, since they are more laticoronate, but they are 
distinctly more primitive than the typical H. planifrons in the irregularity of the 
plates and the lower ridge formula. I therefore suggest the name A. planifrons 
nyanze for this new African variety, the subspecific name indicating the Victoria 
Nyanza basin as the type locality. 


ARCHIDISKODON PLANIFRONS NYANZ& ? 


Material_—The posterior end of a single right lower (?) third molar. 

Locality.—Kavirondo, Kenya Colony. (Kanam West.) 

Horizon.—? Lower Pleistocene. 

Description.—This fragment (Pl. VIII. fig. 2) is of interest in that it shows 
certain marked variations from the Archidiskodon teeth of Kanam East. It is 
impossible to determine whether it is an upper or lower tooth, but it seems probable 
that it belonged to a lower third molar. Only three posterior plates and the 
talonid are preserved, the whole fragment showing a well-developed deposit of 
cement. Each plate is composed of four main parts, and is distinctly bowed 
forwards. The specimen is very much more tapered than is the case in the posterior 
ends of the Kanam East teeth, and the last plate is so small that it might almost 
be considered as part of the talonid. The plates are closer together, narrower, 
and more tapered from base to apex than those of the latter form. Ea 
measurements of the last three plates are as follows ’— 


Locality. Breadths of last three plates. 


80 


K.E.L.L.M. 3 


K.W.R.L.M. 3 


The specimen may eventually prove to belong to a different species, but until 
more satisfactory material is available it should be referred to the same group 
as the Kanam East Archidiskodon. 
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ARCHIDISKODON PLANIFRONS NYANZ& ? 


Locality.—Laetolil, Endonogwar (Laetolil series), Tanganyika Territory. 

Horizon.—? Lower Pleistocene. 

Material.—A fragmentary left upper third molar from Laetolil, and part of an 
unworn right upper third molar from Endonogwar. 

Description.—The Laetolil tooth (PI. VIII. fig. 1) is in a very bad state of 
preservation owing to the extent of wear, and considerable post-mortem damage. 
Parts of eight plates are present, with indications of anterior and posterior talons. 
The cement appears to have been well developed, but post-mortem distortion 
has separated the layers from the plates and the cracks have become filled with 
concretionary material. No plate is quite complete, so that the structure is 
somewhat obscured, and only approximate measurements can be obtained. The 
plates appear to have been slightly bowed forwards as in the Kanam teeth, but 
they are relatively narrower and closer together than those of the latter. There 
is a distinct swelling at the middle of each plate, suggestive of a rudimentary 
loxodont sinus, which is absent in the Kanam specimen, and the enamel is 
somewhat thinner. 

In the Endonogwar fragment only four plates are present. In the unworn 
condition the median expansion of the plates is not apparent. The cement is 
well developed and the plates rather higher and closer together than those of the 
Kanam teeth. The measurements of these two specimens are as follows :— 


Length. Enamel 


Locality. Plates. | Length.| Breadth. Height. L.F. Breadth. | thickness. 
Laetolil...... 78? 195+ | 87III 82V | 49V 49+ VII 4-1 2-2+- 3-4 
Endonogwar.. | ? 4 ? — 93IIL 93IIr T4IIT 2 — — 4 


These two fragments from the Laetolil series of deposits probably belong to- 
the same species. On the whole they appear to be slightly more advanced than 
the Kanam Archidiskodon, and it is possible that they represent a different species, 
but until more complete material is available it seems undesirable to propose a 
new name. The material is, however, of some significance in showing that the 
deposits of Laetolil are somewhat older than the Olduvai series 

’ During the preparation of this paper Dr. A. T. Hopwood published a note on 
some fossil mammals from Kenya and Tanganyika, in which he described some 
milk molars of Palwoloxodon antiquus recki from Laetolil. On the evidence of 
this material he suggests that the Laetolil series of deposits are of the same general 


age as beds I.-IV. at Olduvai, where P. antiquus recki predominates. It is 
N2 
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unfortunate that at the time when he wrote his paper neither Dr. Hopwood nor I 
was aware of the existence of additional Proboscidean remains from Laetolil in 
the other’s collection. Had he had access to the material described above, 
Dr. Hopwood might have been more precise, since the occurrence of Archidiskodon 
in these deposits indicates a somewhat greater age than the Olduvai series, 
where this genus is not as yet known to occur. 


ARCHIDISKODON cf. MERIDIONALIS * (Nesti). 


Locality—Kavirondo, Kenya Colony (Kanam East). 

Horizon.—? Lower Pleistocene. 

Material.—A left lower third molar of a fully adult individual (No. K.E.10). 

Description —-This specimen (Pl. VIII. fig. 3) shows a very advanced state of 
wear, so that the two anterior plates are scarcely visible above the level of the 
cingulum. The anterior root is absent, and it seems probable that two or more 
anterior plates were lost during life. The remaining eight plates and the posterior 
talonid are supported on the large posterior root. The first five plates show 
complete enamel figures, with a rudimentary loxodont sinus ; the sixth is composed 
of three irregular ovals, whilst the seventh and eighth show four equal rings. 
The cement is well developed over the whole fragment, and almost completely 
encloses the talonid, which appears to have consisted of two cones. The enamel 
figures are distinctly crescentic, with the outer points directed forwards, while 
the less worn plates appear to be almost straight. 

The table of measurements on p. 93 gives the dimensions in millimetres of the 
Kanam tooth, compared with similar measurements of a tooth from the Kaiso 
bone bed, and of specimens of typical A. meridionalis from Europe and from the 
Siwalik Hills. 

This tooth, although from the same deposit, clearly belonged to a very much 
more advanced type of Proboscidean than those of A. planifrons nyanze. 
The tooth is relatively narrower, the plates higher, more numerous and closer 
together. The enamel is thinner, and the plane of wear is more sharply oblique, 
as in the true elephants. The material in the British Museum referred to 
A. meridionalis shows a certain amount of variation in the lamellar frequency 
and the number of plates. A topotypical tooth from the Val d’Arno (B.M. 
No. 28819) is very similar in structure to the African tooth. No. 7436 (B.M.) has 
the same lamellar frequency, whilst m others it is higher. The specimen bears a 
close resemblance to a fragment from the Kaiso bone bed described by Dr. Hopwood 
in 1926. The latter has the same lamellar frequency, whilst the median expansion 
of the ridges is more marked. Both specimens should be referred to the same 
species, and the new tooth is, therefore, identified as Archidiskodon cf. meridionalis. 


* See also Hopwood in O’Brien, op. cit. swpra (p. 84). 
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PALHOLOXODON ANTIQUUS RECKI Dietrich. 

Material.—A pair of upper third molars of a single individual. 

Locality —_Kanjira, Kavirondo, Kenya Colony. 

Horizon.—? Middle Pleistocene. 

Description.—The left upper molar (Pl. VIII. fig. 5) is complete and shows a 


ridge formula of x14. The anterior talon has united with the first plate to 
form an irregular enamel figure. The second plate apparently consisted of three 


main parts, a median oval and two smaller lateral ovals. These have united 
into a single figure, but the constrictions can still be seen. The next five plates. 


show a distinct loxodont sinus, whilst the remainder are insufficiently worn for 


this feature to appear. The plates are almost at right angles to the longitudinal 
axis of the tooth and are nearly straight, with a tendency towards anterior 
convexity. The first ten plates are in wear. 


The right upper molar (Pl. VIII. fig. 4) is less complete, having lost the anterior 


talon and part of the posterior end. Twelve plates are present, of which the 
first ten are in wear, the length of the worn surface being 210 mm. as opposed 
to 200mm. in the left molar. In other details the teeth are almost exact 
mirror-images of each other. 

These specimens show certain differences from typical European P. antiquus, 
while corresponding fairly closely with the teeth of P. antiquus recki from Olduvai 
(Tanganyika). In his original description of the latter Dr. Dietrich pointed out 
that the differences of structure did not represent a new mutation, but rather a 
new variant of the antiquus type, and he proposed the subspecific name to 
indicate merely a new geographical race. It is, therefore, clear that these 
Kanjira specimens should be included within that race under the name Paleo- 
loxodon antiquus recki. 


Paleoloxodon indet. In addition to the material already described, some: 


isolated bones were obtained from Kanjira which possibly belong to the subspecies 


P. antiquus recki. These include the head of a femur; the distal ends of two. 


left femora; the proximal end of a right tibia; a left unciform; a right 
metacarpal V ; and a right and left astragalus. 


The upper surface of the unciform is entirely occupied by the facet for the 


cuneiform. The lower surface is taken up by three adjacent facets for meta- 
carpals III., IV. and V. The plane of the former makes an angle of about 


100 degrees with that of the facet for metacarpal IV., so that it appears to lie 
almost on the internal border of the bone. The upper part of the internal surface 


is occupied by a facet for the magnum. 
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Dimensions of the Kanjira teeth (in millimetres) in comparison with third molars 


of P. antiquus from Europe and P. antiquus recki from Africa. 
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Measurements (in millimetres) :-— 


Maximum height i, Sess oc aa heise op oie oie ese 97 
A depth (front to back)........-cscsscecessecorecenecss 132 
- width, (side to side). «0. scm. 2. ae = foetal seep tie sa een 118 


The metacarpal is considerably larger than that of a recent African Elephant, 
although it appears to have belonged to an immature individual. The upper 
surface is occupied by a facet for articulation with the unciform, which is oblique 
to the long axis of the bone. Adjacent to this facet, on the upper internal border, 
a second facet shows the contact with metacarpal IV. The distal facet is semi- 
cylindrical and the epiphysis is incompletely united to the shaft. 


Measurements (in millimetres) :— 


Maximum Jength |... 521. 's 2s siecle Ss asp ale som a atetel yak an 175 
» Width (side to side) at proximal end .................. 83 
a depth (front to back) at proximal end ..............-. 96 
5 width at distal end 1.355 csc 14.3 obese oe 78 
Pr depth . 55) -w olbieis o's 0/e'eievs Pane, 6 5/oPe etek RE ere nee 87 


The fragments of limb bones clearly represent extremely large animals and 
their measurements (in millimetres) are given below :— 


Femur :— 
Ciroumference.of head «605 60055 vives oes te ae es See 610 — 
Maximum width of distal end (side to side) .............. 250 225 
Maximum depth of distal end (front to back) ............ 240 210 
= width across femoral condyles ............+.-- 210 190 
f length of patellar facet. csciccss «.aen 0s cece 195 155 
re width of patellar facet:.. -. ..<<...s:ssms saan een 125 100 
Tibia :— 
Maximum width of proximal end (side to side) ..........-..++00- 235 
5 depth - (front to back) los vice mse eran 155 


The upper surface of the astragalus is largely occupied by a convex facet for 
articulation with the tibia. The lower surface has a large semi-lunar convex 
facet for. the navicular on the anterior part, while the posterior part is occupied 
by a double facet for the calcaneum. The left astragalus is probably that of a 
young individual, since it is very much smaller and appears to have been 
incompletely ossified. 


Measurements (in millimetres) :— 


Maximum Reight® .... 2.) 66s sei os. 5 +» sony onl : coe. LOO 
rf width (side to side). 0.3. 20 eS So 215 - 
FA depth (front to back). oo. csc sis a ce eee ne ie 98 
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SUMMARY. 


Deinotheriwm (Kaup). The occurrence of Deinotherium in Pleistocene deposits 
in Africa is now well known. The material from Kanam appears to belong to 
the species Deinotherium bozasi (Arambourg), originally described from the Omo 
River deposits. The Kanam teeth are slightly smaller than those from Olduvai, 
and may possibly be a more primitive form. This, however, is inconclusive 
owing to the great range of variation in the size of Deinotherium teeth. 

Pentalophodon (Falconer). The material from Kanam which is assigned to 
this genus may equally be compared with Dibunodon arvernensis of Europe, and 
Pentalophodon sivalensis of Asia. The Pleistocene fauna of Africa appears, in 
the light of present knowledge, to have affinities with that of Asia rather than 
that of Europe, and for this reason the material is here taken to represent a 
geographical race of the Indian form Pentalophodon sivalensis. 

Stegodon (Falconer and Cautley). A fragmentary skull of Stegodon was found 
near Lake Edward, in deposits apparently contemporary with those of Kaiso. 
This is the second occurrence of this genus in Africa, and the teeth appear to be 
more advanced than those of S. clifti from the Pliocene of India, whilst differing 
in various respects from those of the other Asiatic species. The material is referred 
to a new species S. fuchsi, named after the discoverer. 

Archidiskodon (Pohlig). In the British Museum collections the material 
referred to Hlephas planifrons shows many variations, which can be arranged 
in an ascending series from the primitive form which Matsumoto calls Leith- 
Adamsia (B.M. No. 36695) to the more advanced form (No. 15351). In the 
latter the structure of the ridges is very similar to that which is found in the 
primitive forms of Elephas (Archidiskodon) meridionalis. The Kanam series of 
deposits has yielded the remains of a variety of A. planifrons which is not exactly 
reproduced in the Indian material, but which has distinct affinities to the more 
primitive part of the planifrons series. In the same deposit at Kanam, however, 
there occurs another representative of the Archidiskodon which appears to 
correspond to the primitive forms of A. meridionalis. Thus, if these forms do 
show an ascending series, the occurrence of two widely differmg varieties in a 
single deposit suggests that the more primitive of the two may be a survival from 
earlier times, which perhaps represents an almost unchanged branch of the 
primitive stock. 

Paleoloxodon (Matsumoto). An African race of Palwoloxodon antiquus was 
first described from the deposits of Olduvai, in Tanganyika, under the subspecific 


name P. a. recki (Dietrich). Its occurrence at Kanjira indicates that the deposits 


of this locality are of the same general age as those of the Olduvai series. 


CONCLUSIONS. 


Fossil remains of Deinotherium are very abundant in the East African deposits, 
particularly in the Miocene. At that time the group appears to have been well 
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established over the whole area, but the fossil remains obtained are generally 
isolated teeth, and therefore of little value. They show a remarkable uniformity 
of structure, but vary considerably in size. The Miocene form is referred to the 
species D. hobleyi Andrews which was first obtained from the lower Miocene 
deposits of Karungu. In recent years additional material of this species has 
been obtained from almost every known locality in which fossiliferous exposures 
of Miocene deposits occur. Another species of the group, Deiotherium bozasi 
Arambourg, has been obtained from certain Pleistocene deposits, notably those 
of the Omo River, to the north of Lake Rudolf. The teeth of this form are con- 
siderably larger than those of D. hobleyi, but are very similar in structure. It 
seems probable, therefore, that Deinothervum bozasi is a direct descendant of 
D. hobleyi, and that the group, having reached an efficient stage in structural 
development early in the Miocene period, remained unchanged except for a gradual 
increase in size, until its subsequent extinction towards the close of the Pleistocene. 
The uniformity of structure in all these teeth is particularly striking in view of 
the remarkable individual variation which occurs in the teeth of other groups 
of Proboscidea in East Africa, particularly amongst the Miocene Mastodonts. 

The Mastodontoidea, like the Deinotheriide, seem to have become extinct 
during the Pleistocene period without giving rise to any more advanced forms. 
The known material from East Africa consists largely of isolated teeth, which 
are abundant in some of the Miocene deposits, particularly those of Kiboko 
Island in the Victoria Nyanza. Pleistocene forms are at present known only 
from Kanam, in the same locality. A study of the Miocene forms from that 
area shows that there is a tendency throughout the molars to develop a massive 
buttress on the anterior part of the pre-trite side of each ridge, at the expense of 
the median subdivision of the cusp. Thus, although the original subdivisions 
of the two cusps in any ridge lie approximately in a straight line, the significant 
part of the pre-trite cusps is the lateral subdivision, and the anterior buttress, 
which together are sharply oblique to the longitudinal axis of the tooth, and 
which project diagonally forwards towards the valley between the post-trite 
cusps of their own ridge and of the preceding ridge. The Miocene specimens in 
which this tendency is shown in its maximum development are entirely unworn, 
but it is clear that in the worn condition these teeth would reproduce in rudimentary 
form the interlocking-cusp pattern of the later groups such as Pentalophodon and 
Dibunodon. 

The African variety of P. sivalensis from the Pleistocene of Kanam seems 
to show a more advanced stage in the same line of development. The median 
subdivisions of the pre-trite cusps are practically lost, and are replaced by the 
anterior buttresses, which have assumed equal proportions with the lateral parts 
of the cusps. The actual dislocation of the component parts of the ridge is still 
slight, but the buttress projects so far forwards between its own and the preceding 
post-trite cusps that in the worn condition the tooth produces a regular alternating- 
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cusp pattern. Thus it seems reasonable to postulate that the Miocene Trilo- 
phodont Mastodons of Kiboko Island are the ancestral forms which gave rise to 
the Pentalophodont form which occurs in Pleistocene deposits in the same area. 

The occurrence of a race of Archidiskodon planifrons and Archidiskodon cf. 
meridionalis in the same deposit at Kanam seems at first sight to preclude the 
possibility that they represent stages in the evolutionary sequence. There is, 
however, another possible explanation. The teeth of the A. planifrons variety are 
comparable to, but not identical with, the lowest part of the planifrons series from 
the Siwalik Hills. They differ in the greater breadth of the crown and the 
regularity of the plates, both of which are advanced characters. On the other 
hand, they do not correspond closely with the more advanced forms from the 
Siwaliks, which suggests divergent development. 

At the present time the most primitive forms of the Proboscidea are known 
only from Africa, and until contrary evidence is available it seems reasonable to 
suppose that the group originated in, and spread from, that continent. In that 
case we may assume that conditions were favourable for their development, 
but that as their numbers increased, migratory movements would take place, 
probably as a series of waves of invasion into other parts of the world. These 
migrating forms would continue to develop, and owing to the change of environ- 
ment would perhaps evolve more quickly, though not necessarily along exactly 
the same lines as those that remained at or near the source of origin. 

Thus if some ancestral form of Archidiskodon spread from Africa into Asia and 
established itself in the region of the Siwaliks, where conditions were suitable 
for survival, the descendants of this form, and the descendants of its African 
contemporaries would show just such divergent development as has been found. 
At the same time if conditions remained suitable, it might have been possible 
for aberrant forms in either locality to persist without giving rise to more advanced 
varieties. In this case the African variety of A. planifrons may perhaps represent 
a survival of something similar to the ancestral stock, which has developed some 
of the advanced characters, while retaining certain primitive features. The 
African specimens comparable to A. meridionalis of Europe, on the other hand, 
may be in the direct line of development. The material shows what is almost 
an intermediate stage between A. planifrons and A. meridionalis, whilst the 
advanced forms of the latter show a higher lamellar frequency and a greater 
regularity in the plates. This seems to suggest a general trend of development 
towards the condition found in Palewoloxodon antiquus. 

The Kaiso deposits of Uganda have yielded the remains of a rather primitive 
form of the African race, P. antiquus reckt, which Hopwood has referred to 
Elephas zulu, originally described from Nyasaland. If the apparent development 
from A. planifrons through A. meridionalis to P. antiquus is correct, it seems 


probable that H. zulu represents another stage in the evolutionary sequence. 
02 
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It appears from the evidence of the fauna that the deposits of Kanam are 
earlier than those of Kanjira, but in order to make any correlation with the 
geological periods of other parts of the world it is necessary to fall back upon 
arbitrary indices. The Kanam deposits include the remains of a race of Archi- 
diskodon planifrons, A. cf. meridionalis, a race of Pentalophodon sivalensis and 
a species of Hippopotamus. In addition, they have yielded a culture of very 
crude and primitive stone implements of human manufacture. The appearance 
of human remains is regarded by many as proof of the post-Pliocene age of the 
deposits in which they occur, while Haug (1911) suggested that the occurrence 
of any one of the genera Hlephas, Bos or Equus might be regarded as affording 
sufficient evidence of the Pleistocene age of a sediment. Hlephas (Archidiskodon) 
meridionalis and probably also Hlephas (A.) planifrons come under this general 
heading Hlephas, and therefore indicate a Pleistocene age for the Kanam series. 

On the other hand, Hopwood (1927) points out that the association of Mastodon 
and Hippopotamus (in the Lake Nyasa region) enables us to be fairly confident 
of the Pliocene age of the deposits. Subsequent collecting from the same area 
yielded the remains of a primitive Elephant, somewhat similar to EL. aff. meridionalis 
from Kaiso, and Hopwood (1931) draws attention to the unsatisfactory nature 
of a deposit from which one set of fossils indicates a Pliocene age, while a second 
collection suggests a Pleistocene age. Mr. F. R. Parrington has kindly enabled 
me to examine some specimens that he obtained at Uraha in 1933, which are of 
interest in this connection. The material is extremely fragmentary, and was 
collected from the scree slope of Uraha Hill, some twenty feet below the junction 
of the Chiwondo and Chitimwe beds. After tracing the specimens to their source 
Mr. Parrington is of the opinion that the remains were probably in situ in the 
Chiwondo beds. 

Some of the fragments show parts of worn plates which, at first sight, bear a 
close resemblance to that of a Stegodon, but this possibility seems to be eliminated 
by the presence of the posterior end of a (third ?) molar, in which the structure 
is more akin to that of Archidiskodon. The last four plates show a rapid decrease 
in breadth, so that the back of the tooth tapers to a sharp point. This fragment 
compares well with the corresponding region of the third lower molar of A. plani- 
frons nyanze fron Kanam. There appears to be every reason to suppose that 
these fragments are the remains of a single animal, and the anterior plates 
probably represent the fore-part of the same tooth or the preceding tooth of the 
same animal. 

The occurrence of a form of Archidiskodon in these deposits supports 
Hopwood’s second view (1931) that the Chiwondo beds of Nyasaland should 
more correctly be referred to the Lower Pleistocene than to the Pliocene. 

The similarity of the faunas and the corresponding problems which arise from 
them, implies a link between the Chiwondo beds of Lake Nyasa and the Kanam 
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deposits of Lake Victoria. The weight of the evidence seems to suggest an early 
Pleistocene age for these sediments, but at the same time it must be borne in 
mind that there is no apparent geological break in the succession in this part of 
Africa, and the demarcation of these two periods is purely arbitrary. It is to be 
hoped that further investigation may reveal some constant factor by which we 
shall be able to distinguish with certainty between the Pliocene and the Pleistocene 
deposits, in which case these and other fossil remains from that area will have 


to be reconsidered in the light of that knowledge. 


The various localities at which Pleistocene deposits occur in East Africa 


may be tabulated as follows :— 
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On the existing evidence it appears that the deposits of Kanam represent the 
earliest post-Miocene horizon yet known in the area, since they yield the remains 


7 of Archidiskodon and Pentalophodon, while Palewoloxodon is absent. 


to reproduce the middle part of the Olduvai series. 


Kaiso,-Omo and Laetolil probably correspond to the latter part of the Kanam 
series, but show at the same time the first appearance of the more advanced 
Proboscideans, Hlephas zulu and Palewoloxodon antiquus recki, which suggests 
q that they extend to a somewhat later stage. The Olduvai sequence appears to 
follow directly after Laetolil, and there the Paleoloxodon group is well established 
while the more primitive forms have disappeared. The deposits of Kanjira seem 
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EXPLANATION OF PLATES. 
(All figures half natural size.) 


PLATE I. 
Deinotherium hobleyi Andrews. 
Fig. 1. Right maxilla (R.S.7.A.), occlusal aspect. 
| Fig. la. Right maxilla (R.S.7.A.), labial aspect (left to right:—Dm.4 with 
i, replacing Pm.4 below. M.1, M.2 unerupted, and germ of M.3). 
iq Fig. 2. Left maxilla (R.S.7.C.) showing Pm.3-M.2. 
i Fig. 3. Left upper M.2 slightly worn. 
| Fig. 4. Right upper M.3 slightly worn. 
Fig. 5. Immature palate (R.S.7.B.) showing on the left side M.1 and M.2 in 
| position, and on the right side the root of Pm.3. Pm.4 in place, root 


of M.1, M.2 in place, and the second ridge of M.3 unerupted in the 
alveolus. 


PLATE II. 
i= D. hobleyi. 
Fig. 1. Adult palate (R.S.105.A.) showing Pm.3—M.3 on both sides. 


Hl PLATE III. 
| D. hobleyi. 
. Fig. 1. Lower Dm.2 ? right. 
Fig. 2. Lower Dm.3 ? right. . 
i] Fig. 3. Lower Dm..4 right. | 
| | Fig. 4. Lower Pm.3 right. 
il Fig. 5. Lower Pm.4 left. 
| Fig. 6. Lower Pm.4 right. 
Hy Fig. 7. Lower M.2 left (unworn). 
i Fig. 8. Mandible fragment showing M.2 and M.3 in ee Left. 
Fig. 9. Lower M.2 left (worn). 
Fig. 10. Lower M.3 right (unworn). 


Trilophodon angustidens kisumuensis, subsp. nov. ~ 
Fig. 11. Right upper Pm.4. Ombo. 
Fig. 12. Left upper Pm.4. Kiboko Island. 198 
Fig. 13. Left upper M.2. Kiboko Island. : ‘ae 
Fig. 14. Right upper M.2. Rusinga Island. 4 


Fig. 15. 
Fig. 16. 
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Left upper M.2. Rusinga Island. 
Left upper Pm.4-M.2. Rusinga Island. 


Figs. 17 and 18. Maxille of Holotype (K.B.A.100) with second and third molars. 


Fig. 12. 


. Right upper M.3 labial aspect 


. Left upper M.3 lingual aspect 


. Right upper M.3 labial aspect } 


Kiboko Island. 
PLATE IV. 


T'. angustidens kisumuensis. 
Left upper M.3 
Kiboko Island. 


. Left upper M.3 labial aspect | (K.B.A.002) rae 


Right upper M.3 (K.B.A.001) 
Left upper M.3 


Right upper M.3 (K.B.A.003) 
Right upper M.3 


. Left upper M.3 labial aspect } (&.B.a.203) [sion Island. 


}(.B.A. 61) 


Kiboko Island 
M. 
Left upper M.3 bk... 65) 


Palate and third molars of K.B.A.24. Kiboko Island. 
Right M. | 
wept ate \aK.B.A.004) } Kiboko Island. 


PLATE V. 


T. angustidens kisumuensis. 


Left upper M.3 \(K.B.Aa) Kiboko Island. 


. Left upper M.3 labial aspect 


Left upper M.3 1 (K.B.A.200) Kiboko Island. 


. Left upper M.3 lingual aspect J 


Right upper M.3 (R.S.4.4.)  Rusinga Island. 


. Right upper M.3 labial aspect 


Left upper M.3. (R.S.106.6). Rusinga Island. 
Right lower Em.@ } Rusinga Island. 

Left lower Pm.4 

Left lower Pm.4. Ombo. 

Right lower M.2 (K.B.A.207). Kiboko Island. 
Right lower M.2 and M.3. Rusinga Island. 
Right lower M.3 (K.B.A.46). Kiboko Island. 
Left lower M.3 (K.B.A.41). Kiboko Island. 
Right lower M.3 (K.B.A.43). Kiboko Island. 
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PLATE VI. 


T. angustidens kisumuensis. 


Fig. 1. Right lower M.3 (J.O.H. A) i 

Fig. 2. bLeft lower’ M8 (5.0.0 B) | te 

Fig. 3. Right lower M.3 (K.B.A.204<A.) i t 

Fig. 4: Left lower’ MCS (K.B.A.204)3) sep ace 

fig. 5. Right lower M.3 (K.B.A.202). Kiboko Island. 

Fig. 6. Right lower M.3 } : 

Fig. 6a. Right lower M.3 (labial aspect) emetic 

Fig. 7a. Right lower M.3 lingual aspect Meco Caeee SPM 

Fig. 8. Right lower M.3 R S 4B Rusi I 1 d 

Fig. 8a. Right lower M.3 labial aspect } BB) eae 
PLATE VII. 

Fig. 1. Deinotherium bozast Arambourg. Right upper Pm.4. 

Fig. 2. Left lower M.2. 

Fig. 3. Pane anode sivalensis kenyensis subsp. n. Right upper M.1. 

Fig. 4. 4 s & Left lower M.2. 

Fig. 5. A i he Left upper M.2. 

Fig. 6. % ae a Right upper M.3. 

Fig. 7. Stegodon fuchsi, sp.n. Right upper M.2. 

Fig. 8. Archidiskodon planifrons nyanze, subsp. n. Left upper M.3 (K.E.101). 

Fig. 9. S a ne Right upper M.3 (K.E.102). 

Fig. 10. ye “3 . Left lower M.3 (K.E.1). 
PLATE VIII. 

Fig. 1. A. planifrons nyanze. Left upper M.3. Laetolil. 

Fig. 2. * x Right lower M.3? Kanam West. 

Fig. 3. Archidiskodon cf. meridionalis (Nesti). Left lower M.3. Kanam East. 

Fig. 4. Paleoloxodon antiquus recki Dietrich. Right upper M.3. Kanjira. 

Fig. 5. . : a Left upper M.3. Kanjira. 


NOTICE. . taal | 
‘ Transactions of the Zoological Society of London,’ vol. xxv. ate iF els sfc 
was published on June 20th, 1941. 


ub: 


—_ 
. 


Loot. Joe VAAN V 


TANS 


Trans kool Joc Vl ANV. SEM 


Trans. kool. Soc VUNNV. AC. MI 


A 


Vee 


i 


my jan ms ht AP ae adie! was 


7 


EA 


V’ 


CAN 


oO 


(Sec 


A 


UMS. LOC 


G 


vie 


VX V. 


Ne. 


2 


Trans Loot. 


Cc 


7 


@ 


ae 
-- 


<—e 


Trans Xo Soc ULINV. PCV 


III. Studies in the Systematics of Troides Hiibner (Lepidoptera Papilionide) and its 
Allies ; Distribution and Phylogeny in Relation to the Geological H story of the 
Australasian Archipelago. By F. EK. Zeunmr, D.Sc., F.Z.S., F.G.S., British 
Museum (Natural History). 


(Received May 29, 1942.] 
(Figures 1-115.) 


ConTENTS. 
Page 

Part I.—Subspecies-groups and species-groups. Their phylogenetic 

significance and evolution during the Pleistocene............. 107 
Part II.—Systematic Revision of T'roides Hiibner and related 

groups. Venation of hindwing, scent-organs, male genitalia.. 112 
Part IIJ.—Reconstruction of phylogenetic trees for T’roides and 

ee EIS aie. ats, wold, gas ah ged eect a naa ay ahead aaa af alec pre's 139 


Part IV.—Geological history of the Australasian Archipelago and 
its bearing on the dispersal and evolution of T'roides and its allies. 
(1) Climatic changes. (2) Fluctuations of the sea-level. (3) Pre- 
Pleistocene history of the Archipelago (Tectonic Movements). 
(4) The phylogenesis of T'roides in the light of the geological 
history of the Australasian Archipelago, summary. (5) The 


peneory of Continental) Drift \pec Jiawei. S226 de lson dee las 151 

Part V.—The Time Factor in Evolution.................0.0c00- 174 

aries Si OTM techs havc 3 ais. AREE NE Se ea eld eta srowlet ees . 175 

URS TARI BIE is cs istasc Aig. «wah ih ¢ 91k aT eMedia PO eile Sell odes abet 4i6ina sara Ga 175 

EEO LOLOL COM MANES secs. coe oP Ta oh epee et ee ee es eal cal sacks Depaul 178 

ane DE-mpleeses ANG, SUDSPOCIED, «sc: dip iciden aa edie un Hoos a's Aacestes 181 
Part I. 


SUBSPECIES-GROUPS AND SPECIES-GROUPS. 


In the present paper an attempt is made to deduce the phylogeny of a group: 
entirely from the characters and the geographical distribution of the Recent 
species, due consideration being given to geological and climatological factors. 
I think that such an attempt is justified in the case of a group which at the present 
day is in a phase of rapid evolution, and in which the characters that change and 
vary are, as far as can be seen, non-adaptive and to be found chiefly in colour, 
pattern and sex-organs. 

The group to be considered is that of the large Indo-Australian butterflies 
commonly known as Troides Hiibn., or Ornithoptera Boisd. They belong to the 
Aristolochia-feeding swallowtails, which appear to be protected by the alkaloid 
poison derived from their food-plants, and, at least in the male sex, and often in 
both sexes, exhibit no protective colour pattern. 

Subspecies and species, subspecies-growps and species-groups.—The bearing of 
geographical distribution on the evolution of subspecies and species has, in recent 
years, attracted the attention of zoologists, and our conception of the species has 
correspondingly changed. Since Kleinschmidt (1926) introduced his Formenkreis 
in ornithology, Rensch (1929) has surveyed the problem again. Rensch uses the 
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term Rassenkreis for a group of geographical subspecies forming a kind of major 
species. The extreme members of a Rassenkreis may differ morphologically to 
such an extent that they are unable to interbreed. They behave in this respect 
like species in the old sense, and yet they are connected by a series of intermediate 
geographical forms. Should these die out, the two extreme members of the 
Rassenkreis would be left over as two distinct and unconnected species. There is 
paleontological evidence that this process is sometimes responsible for the 
formation of species. Podismopsis altaica Zub. and P. relicta Rme. (Orthoptera 
Acrididz) are two Recent species inhabiting Siberia between Kusnetsk and 
Irkutsk and the Altai Mountains, and the mountains of Montenegro, respectively. 
In the upper Pleistocene of Starunia, in the Polish Carpathians, an extinct inter- 
mediate form was found (Zeuner, 1934). As late as the upper Pleistocene, therefore, 
a Rassenkreis appears to have existed which extended from central Asia to the 
Balkan Peninsula, but the geographically and morphologically intermediate mem- 
bers have since died out. This example may suffice to show what is meant by the 
term Rassenkreis, and how species can arise by the disappearance of intermediate 
forms. Geographical forms, or varieties, are now called subspecies ; Rassenkreis may 
therefore be translated by “‘ subspecies-group.” One has to bear in mind, how- 
ever, that this term is often more comprehensive than the ordinary “ species.” 

In a good many instances one finds that several “ species’ which are not 
connected by intermediate forms and some of which sometimes show remarkably 
little geographical variation, are arranged geographically in a way as if they were 
members of one subspecies-group. Overlaps do sometimes occur, however, and 
prove that the neighbouring forms are unable to interbreed. The distribution of 
such species renders it highly probable that they developed as geographical 
subspecies from some common ancestral form, but they differ from the subspecies- 
group in the higher degree of differentiation of the various local forms, which are 
no longer able to interbreed. To this kind of complex Rensch’s term Artenkreis 
(translated by “ species-group”’) may be applied. It is evident that a species- 
group began its existence as a subspecies-group and that it is likely to be phylo- 
genetically older than a related modern subspecies-group. In fact, some members 
of a species-group may have started to form geographical races and thus constitute 
subspecies-groups within the species-group. Many examples will be found in this 
paper. 

At this point the question may be raised whether the introduction of the term 
Species-group is really necessary or not, and whether it is covered by the old- 
established terms subgenus or even genus. These do not imply any geographical 
relation, however, and several species-groups may be so closely related to one 
another that they have to be considered as belonging to the same genus (or sub- 
genus *). If one raised the species-groups to generic rank, the number of genera 
would be increased immeasurably, and many present-day genera would have to 
be made into tribes, and so forth, with devastating results. 

Clearly, then, the classes to be established to receive the geographical forms 
should, from the taxonomic point of view, be ranked lower than the genus (or 
subgenus). Realizing this, Toxopeus (1930) proposed a further low category which 


* Since it has become a general practice to treat generic and subgeneric names on an equal footing, 
and since the Rules of Nomenclature make no distinction, the term subgenus has lost much of its value. 
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he called “ grex,”’ comprising several Subspecies, on the understanding that several 
such greges may constitute a species. As an instance, the complex of forms 
around Polydorus priapus (Boisd.) may be quoted which, in the conservative 
classification (Jordan, 1915), is considered as consisting of the species P. priapus 
Boisd., luchti Rpke., aidoneus Dbl., sycorax Gr.-Sm., kishni Honr., semperi Fldr., 
with several geographical subspecies. Toxopeus (1936) now considers all these as 
one “ Kollektivart ” (collective species) comprising two greges, namely, the 
P. priapus-luchti-sycorax-aidoneus-assemblage and the semperi-kithni-assemblage. 
In the classification to be used in the present paper, these two assemblages would 
constitute one species-group, comprising two subspecies-groups, ranging over 
Further India-Malay Peninsula-Sumatra-Java, and Celebes and the Philippines, 
respectively. 

In this way it is possible to avoid the quadrinomial nomenclature proposed by 
Toxopeus, and also the term “grex.” It is easy to see that, in some cases at least, 
Toxopeus’s “ grex ” corresponds to subspecies-group, and his “ species ”’ to species- 
group. In others, it appears to be a lower unit resembling Verity’s “‘exerge” 
(see following paragraph). It seems to me unnecessary to use any new term if 
Rensch’s original terminology is adopted, especially with the English terms here 
proposed. This has the further advantage of adding no ballast to the system of tri- 
nomial naming of the geographical forms, for which Toxopeus uses a quadrinomial 
system. After all, we know nearly always more about the affinities of a form than 
we are able to express in its Latin name. 

Verity’s term “ exerge ” (1925, 1926) appears not to be identical with “ grex,” 
if | am interpreting these authors correctly. An “‘ exerge”’ is a group of geographical 
races within a subspecies-group. In large subspecies-groups, such sub-groups can 
sometimes be distinguished, such as for instance, in Verity’s example of Cenonympha 
pamphilus (L.) (Lepidoptera Satyrine). This subspecies-group is divided by 
Verity into an “ exerge pamphilus”’ comprising the subspecies of temperate 
Europe, and an “ exerge lyllus’’ comprising those of the Mediterranean area. 

As an example from the T'roides-group, Ornithoptera priamus (L.) may be quoted, 
of which the subspecies O. p. priamus, O. p. euphorion and O. p. richmondia would 
constitute one exerge, and O. p. poseidon, O. p. pronomus, O. p. bornemanni, 
O. p. urvilleanus, etc., another. In large subspecies-groups it depends, of course, 
chiefly on the author’s conception of the taxonomic species, whether exerges can 
be separated or not, and in some cases exerges of one author may be the greges of 
another. For the purpose of the present paper it does not matter what the various 
categories are called if only it is clear what is meant by the terms used. A short 
summary of the latter may be useful : 

Form: any morphological type, whether individual or occurring frequently, 
whether restricted to certain localities or districts or not, whether geographical or 
ecological . An indefinite term used in order to avoid one of the more definite terms. 

Subspecies : a geographical form occurring in part of the area covered by the 
species. de 

Subspecies-growp : an assemblage of geographical forms linked by transitions, 
the extreme members of which may be so different that they would be regarded 
as different species if the intermediate subspecies did not exist. In taxonomy the 


subspecies-group is to be treated as a species. 
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Species : either a form which is not linked by transitions with its nearest allies 
and would not freely and successfully interbreed even if intermingled with them, 
or a subspecies-group to which the same applies if compared with the most closely 
related species or subspecies-group. 

Species-group : an assemblage of species or subspecies-groups which are evidently 
closely allied and each of which represents the group in one particular area. 
Overlaps occur frequently, but it is always evident that the centres of dispersal 
were geographically separate. 

The species-group is usually of less than generic value, though it is sometimes 
‘convenient to regard it as a subgenus. 

Evolution of subspecies- and species-growps.—These terms obviously designate 
stages of increasing differentiation which are not sharply separated, and this is an 
advantage from the taxonomic standpoint. That subspecies develop into species 
in consequence of isolation has not only been postulated by Rensch and others ; 
there is evidence for it, as in the case of Podismopsis quoted above. One cannot 
expect, therefore, to find sharp limits between subspecies and species from this 
point of view, and one must expect that, provided the isolation is effective and 
persists through a sufficient period of time, species will be formed in this way out 
of the subspecies of an ancestral species. Such a new set of species will, in its 
geographical distribution, still show more or less distinctly the original arrangement 
of the subspecies of the ancestral species. This is the typical case of a species-group 
developed from a subspecies-group. If and when geographical conditions change 
and some of the barriers are removed, the members of a species-group are likely 
to extend their areas and overlap with their neighbours. The differences in 
structure and habits which appeared during the period of isolation will prevent 
hybridization, and two or more closely allied species will then occupy partly the 
same area. A good example is that of Papilio machaon L. and P. hospiton Guéné 
on Sardinia, studied by Eller (1936). Instances from the American fauna may be 
found in Rothschild & Jordan (1906). 

The same case is frequently met with in central Europe, where closely allied 
pairs of species are found in large numbers. Of such pairs, one species often 
extends into central Europe from the west, and the other from the south-east or 
east, the overlap being confined to the central zone. A good example of this type 
of distribution is that of the carrion-crow (Corvus corone L.) of western Europe, 
and the hooded crow (Corvus cornix L.) of northern, east and south Europe, including 
Italy. Except in winter, when the hooded crow tends to go westwards, the 
overlap is confined to a narrow line from Jutland south to the Alps, and thence 
along the Alps to their western end, Italy, Corsica and Sardinia belonging to the 
area of the hooded crow. Both species have already begun to develop geographical 
subspecies in their respective areas. 

An almost identical case is that of the Tettigoniid grasshoppers Platycleis 
occidentalis Znr. and P. grisea Fab. (Zeuner, 1931 a, 1941 a), which overlap in 
precisely the same manner as Corvus corone and C. corniz. In both instances the 
affinity of the two species to one another is closer than to other species of the same 
genus, and this, in conjunction with the geographical distribution, renders it highly 
probable that they evolved as geographical forms of some ancestral species. 
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‘The Pleistocene history of Europe provides an explanation for the type of 
distribution just described since, during the glacial phases, central Europe was 
repeatedly covered by ice from Scandinavia as far south as Saxony and the Hartz 
Mountains, and from the Alps as far north as the Danube. Only a narrow 
unglaciated corridor was left linking west and east Europe, and the climate of this 
belt was unsuitable for the majority of temperate animals (Zeuner, 1937). The 
glacial phases, therefore, split the original area of many species into a western and 
south-eastern refuge area, and there they evolved the special features which 
now distinguish western and eastern subspecies or, if the differentiation has 
proceeded sufficiently far, species. The present overlap is due to the re-extension 
of the areas which has taken place since the retreat of the Last Glaciation began. 
These geological observations provide a valuable indication of the time required 
in the process of species-formation, as will be shown in Part V. (p. 174). 

When the geographical barriers separating the members of a species-group break 
down, the ensuing extension of their areas will foster the formation of new 
subspecies. Some European species-groups of Pleistocene origin are in this stage, 
each member forming a subspecies-group of its own. This applies to the crows 
as well as to the Platycleis mentioned above. The latter represent an instance 
of special interest. The subspecies-group P. occidentalis inhabits, with a single 
homogeneous subspecies, the whole of west Germany, Belgium, Holland, south 
England, and France. Different subspecies appear in the Iberian peninsula, and 
also in the Channel Islands (Zeuner, 19406). The Channel Islands form is 
surprisingly well differentiated. Since these islands were in close communication 
with the Continent until about 10,000 years ago, this period of time or slightly 
more has sufficed to develop distinguishing characters. This case is not unique 
among the fauna of the Channel Islands; there are other distinct geographical 
forms like Huchorthippus elegantulus Znr. (Orthoptera Acrididz) and Sorex araneus 


fretalis Miller, a vole. The present process of subspecific differentiation in the 


Channel Islands is but a repetition of what happened in the Last Interglacial phase. 
During this phase of marine isolation, the common west European red deer produced 
a local subspecies (Cervus elaphus jerseyensis Zeuner, 1940 a, c). 

It must not be overlooked, however, that there is a long way from a local race 
of the type described to a fully separated species. The period of time required 
for the stabilization of a species is bound to be many times greater than the 
10,000 years mentioned. This point will be discussed in Part V. 

What then, is the picture presented by some modern groups the phylogeny of 
which has been studied ? Among the insects, birds and mammals of Europe there 
are a very large number of subspecies-groups, and a smaller number of species 
with little or no geographical variation. Many of these subspecies-groups or species 
form, in turn, species-groups. Whilst it is evident that the present-day subspecies 
are the products of geographical differentiation chiefly in upper Pleistocene and 


- Postglacial (Holocene) times, it is extremely probable that the members of species- 


groups developed during an earlier period (mostly in the course of the Pleistocene) 
in just the same way from some common ancestral form, which existed at the 
beginning of the Pleistocene or in the late Tertiary. In their present distribution 
some of these species still reveal their origin as geographical races. 
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‘« Phylogenetic stages.’—Two strata of phylogenesis, therefore, are readily 
recognizable, the modern stage of subspecies-formation (which for convenience is 
henceforth called stage Z), and the preceding stage (stage Y) of the evolution of 
the modern species from geographical races of an ancestral species. 

From what can be observed now, and can be shown to have happened during 
the latest phases of the geological past, it is logical to conclude that the same 
process of geographical species-formation has been going on in the more distant 
past also. Thus one may assume that the species marking the beginning of the 
stage Y developed as geographical subspecies from some common ancestral species 
during a preceding stage X, and so forth. It should therefore be possible to 
reconstruct part of the history of an assemblage of present-day species and sub- 
species, provided that they are now in a stage of active formation of geographical 
forms, and provided that their present distribution and the geological and climatic 
history of the districts concerned be duly considered. 

Such an attempt is made in the following pages, the material being provided by 
the butterflies of the genus TJ’roides and the related groups called T'rogonoptera, 
Schenbergia and Ornithoptera, of the Australasian archipelago. A certain amount 
of detailed work on the classification of the forms concerned was necessary to 
supply a basis of facts. The results of these studies and the geographical 
distribution of the forms are given in Part Il. Readers who are interested chiefly 
in the general aspects may turn directly to Part III. 


Part II. 
SystTEeEMATIC REVISION OF J'ro1pEsS HUBNER AND RELATED GROUPS. 


Introduction.—The group under consideration has been regarded as part of a 
great comprehensive genus Papilio by some authors, by others as a separate genus 
Troides (or Ornithoptera), or as a group of genera (or subgenera) by yet others. 
It is not intended here to decide whether the distinguishable major groups are 
worthy of being treated as genera or not. Merely as a matter of convenience, 
the four major groups are, in this paper, called by the names given to them long 
ago. I cannot conceal my personal view, however, that three of them (T'roides, 
Trogonoptera, Ornithoptera) would be regarded as good genera if they were, for 
instance, Lyceenidee or Nymphalinz, in which generic splitting has been carried 
further than in the Papilionide. It is fortunate that Talbot (1939) has raised the 
Aristolochiacez-feeding Papilios to the rank of a tribe, Troidini, in which he 
distinguishes two genera, Polydorus Swains. and Troides Hbn. 

The following paragraphs supply the minimum of characters required to separate 
the groups and the species. Many other characters have been studied, but 
discussing them all would amount to monographing T’roides and its allies, and 
neither time nor space is available at present for undertaking this highly 
interesting task. Wherever possible I have preferred to mention characters which 
have received little or no attention by previous workers. To obtain a more 
complete record of the characters of the species, Rothschild (1895) and Jordan 
(1908) should be consulted. 

Distinctions are largely based on the males, which are the progressive sex in the 
Troidini, but I have convinced myself that a closer study will supply clear 
characters in the female sex also, All who know the species concerned will admit 
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that there is no doubt as to which major group any given female represents, though 
the more remarkable characters are chiefly confined to the males. 

Key to the major groups.—The following key may help to separate the major 
named groups. Their synonymies will be found on pp. 118, 131, 132, and 136. The 
Synonymy of the species is contained in Rothschild (1895) and Bryk (1929). Jordan 
(1908) supplies descriptions, references to original descriptions, and abundant 
figures. Good figures are also given by Rippon (1889-1906), but his descriptions 
are of a low standard. The male genitalia of all species and of many subspecies 
have been studied by the present author, and figures are reproduced here (figs. 1-75) - 
which, I trust, substantiate the systematic arrangement adopted. 


Tribe TRor1nt (TRompt1n1 Talbot, 1939). 


Antennz without scales, except dorsally at the base, below on both sides with 
distinct sensory grooves on each segment. The outer ventral row of 
spines on the tarsi xot separated from the dorsal spines by a spineless 
longitudinal depression. Male hindwing with deep fold along vein 1 *, 
often with a scent-organ in the pouch formed by the folding-over of 
the abdominal margin. 

Larva on Aristolochia, rarely on related plants ; velvety, each segment with 
a belt of fleshy tubercles, never with spines. 

Pupa dorsally depressed and laterally broadened, abdomen with two dorsal 
rows of protuberances which sometimes form an almost continuous ridge. 
(Chiefly after Jordan, in Rothschild & Jordan, 1906, and Jordan, 1907, 
1908.) 

1. Vein 11 of forewing opposite vein 2. Male with large valves, and with 
a brush of long hairs on the underside near the anal (abdominal or - 
inner) margin of the hindwing. Male hindwing mostly with golden 
RENAE STL OALOS Poise ce ota Wao 0.4 o's Wie dN wlae aE Maly Nes lao Win eine Katia e Troides-group, 2. 
la. Vein 11 of forewing arising opposite vein 3{. Male with normal or 
reduced claspers, no long hairs on the underside of the scent 


pouch of the hindwing and never with golden scales .......... Polydorus Swains. 
2. Male hindwing with scent pouch filled with brownish-white fuff..... 3. 
2a. Male hindwing with scent pouch black inside.................... 4, 
3. Black § and yellow species. Female with white designs along the veins 
BES RR AI UE Fic oa y ytavn, 5, bn Abe, othe oe lag EMRE ole Yin le eH oe Trowdes Hbn. 
3a. Both sexes black with wedge-like patches of iridescent green scales 
Bione @he vers... No golden scales . 2. a> is wince te riverine t ee ee «= Trogonoptera Ripp. 


4. Males black and iridescent green with large areas of hindwing occupied 
by golden scales, no moon-shaped sex-brand on forewing. Female 
forewing with whitish spots between the veins, hindwing with veins 
2-6 at least partly covered with whitish scales and mostlynot bordered 


OIA TAE TOW (0 o'ck i ctic ccs candle bem as sis ooo a eb ideas Colts s 6 ess . Schoenbergia Pgst. 


* See page 120, 
+ These golden transparent scales must not be confused with yellow scales such as found on the 


‘hindwings of many females, nor with the orange or coppery iridescent scales of the males of O. cresus. 


‘The term golden is used in this paper exclusively to describe the transparent scales of the hindwing. 
+ This character appears to apply almost without exception, even to the American species. I have 
seen one specimen of a form of P. anchises (female, from Paraguay) in which vein 11 arises almost 


opposite vein 2. : 
§ “ Black ” in this paper short for “ black or dark brown,” unless stated otherwise. 
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Figs. 1-75.—Right claspers and harpes of the males of Tvoides and allies. Drawn from detached 
and shaved, but otherwise untreated claspers, by means of a prismatic drawing apparatus. Dotted 
area: cavity of clasper. Black: basal hooks. The shape in which the hooks appear depends much 
on the angle of view, since they are more or less vertical to the main plane of the clasper. A large 
hook in this position, therefore, may appear as a comparatively small protuberance in the picture. 
In general, these hooks are small in Troides and Trogonoptera, and large in Ornithoptera and Schen- 
bergia. All figures are mounted with the base of the clasper at an angle of 68° to the vertical. All 
specimens in the British Museum collection. 


Bou: 120 


Figs. 1. Troides h. haliphron Bdv., Celebes. 2. 7. h. naias Doh., Tambora, Sumbawa Is. 3. 7. h. iris 
Roéb., Moa Is. 4. 7. h. staudingert Réb., Babber Is. 5.7. h. tkarus Fruhst., Tenimber Is. 
6. 7. h. plato Wall., Timor. 7.7’. c. criton Fidr., Batjan. 8. 7. c. criton Fidr., Batjan. 9. 7. 
riedeli Kirsch, Tenimber. 10. 7’. v. vandepolli Snell., Pekalongan, Java. 11. 7. darsius Gray, 
Colombo, Ceylon. 12. 7’. h. cerberus Fidr., Sikkim, dry season. 13.7’. h. helena (L.), Tengger 
Mts., 400 ft., Java orient. 14. 7’. h. hephestus Fidr., Makassar, south Celebes. 15. 7’. h. hephestus 
Fidr., Tondano, north Celebes. 16. 7. 0. papuensis Wall., Manam, Vulcan Is., New Guinea. 
17. T. 0. oblongomaculatus (Goeze), Bomfia, Ceram. 18. 7’. 0. bouruensis Wall., type I., south 
coast, Buru. 19. 7’. 0. bowruensis Wall., type I., Kayeli, Buru. 20. 7. o. ef. bouruensis, type II., 
Stephansort, New Guinea Mandated Territory. 
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‘Figs. 21. 7. 0. bowruensis, type Il., Kayeli, Buru. 22. 7’. 0. bowruensis, type II., Tifoe-Baai, south 


Buru. 23.7’. minos Cr., Karwar, Kanara, south India. 24.7. x. xacus Fidr., Sikkim, dry 
season. 25. 7'. rh. rhadamantus Luc., Manila, Philippines. 26. 7’. rh. platent Stgr., Palawan. 
27. T'. rh. dohertyt Ripp., Talaut Is. 28. 7’. prattorum Talb., west Buru. 29. 7'. magellanus Fldr., 
Philippines. 30. 7’. magellanus Fldr., Philippines. 31. 7'. a. ruficollis Btlr., Sumatra. 32. 7’. a. 
amphrysus Cr., Java. 33. 7’. c. cuneifer Oberth., Pekalongan, Java. 34. 7’. m. mirandus Btlr., 
north Borneo. 35. 7’. a. andromache Stgr., Kinabalu, north Borneo. 36. 7'. h. hypolitus Cr., 
Ceram. In this species the shape of the harpe is very variable. 37. 7’. h. cellularis Roths., 
Gorontalo, north Celebes. In another specimen from the same locality the clasper is provided 
with the usual terminal tooth. 38. Z’rogonoptera brookiana trogon Voll., Sumatra. The other 
subspecies of 7’. brookiana Wall. have very similar claspers and harpes. 39. 7’. trojana Stgr., 
Palawan. 40. Polydorus p. priapus Bdv., Pekalongan, north Java. 
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Figs. 41. Schanbergia goliath procus Roths., central Ceram. 42. 8. g. samson Niepelt, Weyland Mts.,. 


Dutch New Guinea. Right clasper abnormal in shape, usually as in the other subspecies. 43. S. g. 
supremus Rob., New Guinea. Clasper and harpe of S. goliath goliath Oberth., from Geelvink Bay, 
resemble this subspecies. 44. 8. chimzxra chimera Roths., New Guinea. 45. S. chimera chimera 
Roths., New Guinea. 46. S. tithonus waigeuensis Roths., Waigeu. 47. S. rothschildi Kenr., Angi 
Lakes, Arfak Mts., 6000 ft., New Guinea. 48. S. paradisea paradisea Stgr., German New Guinea. 
49. S. meridionalis meridionalis Roths., Milne Bay, British New Guinea. 50. Ornithoptera cresus 
cresus Wall., Batjan. 51.0. c. cresus Wall., Batjan. 52.0. c. lydius Fidr., Halmaheira. 
53. O. zsacus Ney, Obi. 54. O. allottei Roths., Holotype, Bougainville. 55. O. priamus priamus- 
L., Amboina. 56. O. p. priamus L., central Ceram, 3000 ft. 
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Figs. 57. O. p. hecuba Réb., Key Tual. 58. O. p. arruana Fidr., AruIs. 59. O. p. teucrus J. & T., Biak, 


Schouten Is. It will hardly be possible to distinguish specimens from Schouten Is. from those 
from New Guinea. 60.0. p. poseidon Dbld., Friedrich-Wilhelm Hafen, Mandated Territory. 
61. O. p. poseidon Dbld., Port Moresby, British New Guinea. 62. 0. p. bornemanni Pgst., New 
Britain. 63.0. p. urvillianus Guér., New Ireland. 64.0. p. urvillianus, Savo Is., Solomons. 
65. O. p. cxlestis Roths., Sudest Is. 66. O. p. pronomus Gray, Cape York, Queensland. 67. O. p. 
pronomus Gray, Cape York, Queensland. 68. 0. p. euphorion Gray, Mackay, Queensland. 
69. O. p. ewphorion, Cooktown, Queensland. 70. 0. p. richmondia Gray, Brisbane, Queensland. 
71. O. p. richmondia Gray, Richmond River, New South Wales. 72. O. victorix regis Roths., 
Shortland Is., Solomons. 73. 0. v. isabelle Roths., Isabel Is., Solomons. 74. O. v. victoriz Gray, 
no locality. 75. O. alexandrx Roths., Kumusi River, north-east British New Guinea. 
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4a. Male black and iridescent green, blue, orange or coppery, golden scales 
restricted to fore portion and sub-margin of hindwing, mostly much 
reduced, or absent. Moon-shaped sex-brand present on forewing. 
Female forewing with whitish spots between the veins, hindwing with 
veins 2-6 dark and at least partly framed brown.............++++- Ornithoptera Bsd. 


Synonymy and Characterization of Major and Minor Groups. 


1. TrorpEes Hiibner. 

1758. Papilio (Equites Achivi) Linné, Syst. Nat. ed. x. p. 461. (Partim.) 

[1819.|7rotdes Hiibner, Verz. bekannt. Schmett., (6) p. 87. (Seven species including priamus L. 
and helena L.) 

1833. Amphrisius Swainson, Zool. Ilustr. Insects, (2) iii. pl. xeviii. (A. nymphalides Swainson= 
Papilio helena L.) 

1840. Ornithopterus Westwood, Introd. mod. Class. Insects, ii. p. 348. (Type: Ornithopterus 
amphrisius Hoof. Papilio helena L.) 

1875. T'roides Hiibner: Scudder, Proc. Amer. Acad. Arts Sci. Boston, x. p. 286. (Selects 
helena L. as genotype of 7'roides Hiibner.) 

1889. Pompeusptera Rippon, Icon. Ornith. ii. p. 9. (Leaf twice replaced later on.) 

1889. Pompeoptera Rippon, Icon. Ornith. i. p. 9; ii. p. 7. (Type: Papilio helena L.; date 
“1889,” given by Rippon, but possibly as late as 1898.) 

1895. Ornithoptera : Kirby, ‘ Nature,’ li. p. 255. 

1895. T'roides Hiibner : Rothschild, Nov. zool. ii. p. 185. (Partim.) 

1929. Troides Hiibner : Bryk, in Strand, Lepid. Cat. xxxv. p. 11. (Partim.) 

1934. Troides Hiibner : Hemming, Generic Names holarct. Butt. i. p. 143. 

1939. T'roides Hiibner : Talbot, Fauna Brit. Ind., Butt. i. p. 61. 


Genotype.—Papilio helena Linné, 1758. Selected by Scudder, 1875. 

Species.—T'. haliphron Boisduval, with plato Wallace, as subspecies, criton 
Felder, riedeli Kirsch, vandepolli Snellen, darsius Gray, helena Linné, oblongo- 
maculatus Goeze, wacus Felder, rhadamantus Lucas, minos Cramer, magellanus 
Felder, prattorum Talbot, amphrysus Cramer, cuneifer Oberthiir, mirandus Butler, 
andromache Staudinger, hypolitus Cramer. 

Some characters of Troides.—The forewings of both sexes (unless blackened owing 
to a melanistic tendency) show the same pattern as in most species of Polydorus, 
namely, whitish streaks bordering the veins outside the cell and (often in the 
females) a light patch in the distal end of the cell. This patch also develops from 
streaks bordering the veins or the courses of the vanished branches of the median. 
The pattern varies in intensity and is often wiped out by blackening in the basal 
portion of the wing, but no distinctive modifications of the scheme are attained, 
except in the following three instances. 

In the amphrysus-species-group the males have a darkened square-shaped area 
at the base, contrasting against the intensely yellowish-white distal streaks. In 
the female of 7’. andromache the ground-colour is generally paler, and a submarginal 
row of somewhat triangular light patches has appeared as the result of local exten- 
sion of the whitish streaks of the primitive pattern. In the 7’. wacus-group, 
finally, the whitish streaks are chiefly due to the absence of scales. An iridescent 
dark blue sheen is met with in the males of 7. mirandus and andromache, whilst 
a less distinct greenish-black sheen may be observed in several other species, 
especially in 7’. hypolitus. This sheen is restricted to the intensely black scales 
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and may have something to do with a heavy deposit of black pigment in the scales, 
in analogy to what Rensch (1925) observed in the feathers of birds. 

The hindwings of the females are less specialized than those of the males and 
are, therefore, considered first. They have along the margin a black band which 
is wider between the veins, a discal row of black spots in the interspaces, and a 
black area of varying shape and extension at the base. Between these dark 
elements there are yellow areas which are sometimes shadowed with black scales 
or brightened by white ones, especially near the anal margin and the hind 
angle. This pattern is reminiscent of the species-group of Polydorus priapus Bdv.., 
which, for this and other reasons, is likely to be more closely related to T'roides 
than any other group of Polydorus. 

The male hindwings have mostly lost the discal row of spots. These are preserved 
only in 7’. hypolitus and in certain subspecies of 7’. helena and some individuals 
of 7’. cuneifer. The width of the black margin and of the basal area vary con- 
siderably and afford good characters to distinguish subspecies, species, and even 
species-groups. The disc and a varying portion of the cell are covered with trans- 
parent golden scales but, as in the female, the veins are always black. 

The golden scales are a modification of the yellow scales of the female, from 
which they differ in being transparent, whilst shape and size are similar. Since 
Siiffert (1924) found that the yellow scales of Troides contain a yellow pigment, 
the peculiarities of the golden scales seem to be due merely to the transparency 
of the pigment. This transparency is a curiously restricted character. It is 
sex-linked, except in certain subspecies of the 7’. helena-group in which the females 
have assumed the male coloration (7. h. hephestus for instance). It is restricted 
to the hindwing ; only in a single specimen of Schenbergia tithonus tithonus de Haan, 
an oblong golden patch has been found on the forewing between veins 7 and 8 
(Brit. Mus. (N.H.), ex Joicey Bequest, no loc.). Wherever golden scales are found, 
they occur in equal and almost exactly superimposed patches on both sides of the 
wing *. This is another remarkable difference from ordinary yellow scales. Thus, 
the golden scales may be regarded as a character of the T'roides-group which is 
phylogenetically significant. In T'roides proper the golden area is always large, 
various degrees of reduction are observed in Schenbergia and Ornithoptera, and in 
Trogonoptera it is entirely absent. 

The undersides of both wings of T'roides resemble the uppersides in all essential 
features. 

Scent-organs of the male.—Androconial or scent-organs are found in T'roides only 
near the anal margin of the hindwing, and on the abdomen. There are two 
apparently quite independent organs. Both have received little attention, except 
from Haase (1886). Their examination has produced some facts valuable both 
with regard to classification and to certain laws of evolution. It is necessary, 
therefore, to devote some space to a discussion of these organs. 

The anal pouch and the anal veins of the hindwing.—In setting the specimens 
the anal pouch has mostly been opened and flattened out, thus exposing the 


* An exception is 7’. rh. dohertyi. The black shading of the yellow in the females is present in the 
males of certain species, but in the males of 7’. rh. dohertyi the shading has completely obscured the 
golden area on the upperside, though not underneath. 
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yellowish-brown  scent-fluff * inside, but spoiling the natural structure of 
the organ. 

The anal pouch is intimately connected with the veins of the hindwing called 
1 and la, or 16 and 1a, or 1a and 1 6, according to the system used. For con- 
venience, I shall continue to use in this paper the very practical system of numbering 
the veins instead of applying the more natural nomenclature introduced by 
Comstock. There is an uncertainty in the names used for the anales by Comstock. 
It is evident that the veins of both wings which arise from the base of the wing 
behind the cell and vein 2 are true anal veins. Comstock supposes that the first 
anal has disappeared and therefore finds in butterflies the veins 2 A and 3 A only. 
I am not convinced that this author is right in this respect; this question will 
be dealt with separately in another paper. For the sake of unambiguity, I continue 
to use 1 and 1 a for these two veins, their “‘ synonymy ” being at present as follows : 


Vein 1 (present paper, also Bingham, Evans)=1 b (Kirby, Talbot)=1 a (Water- 
house) =SM (Schatz)=2 A (Comstock, Tillyard). 

Vein 1 a (present paper, Bingham, Evans, Kirby, Schatz, Talbot)=1 6 (Water- 
house)=3 A (Comstock, Tillyard). 


A third, vestigial anal is often found at the very base of the anal (abdominal) 
margin of the hindwing ; it is here called 1 x. 

Significance of the anal veins in the classification of the Papilionidee and Pieride.— 
It is a view expressed in many keys that vein 1] a is missing in the Papilionide. 
Both 1 and 1 a, however, are present in many Papilionide, and particularly so in 
the Troides-group. The misconception probably goes back to Schatz (1892), who 
gave plenty of figures of the venation of Papilionide, but all with one analis only. 
Rippon (1898-1906), however, shows correctly the two anales in many of his figures. 

It has to be admitted that 1 is much thinner than 1 a in those Papilionide in which 
it is present, but in 7'rordes and allies it is, especially near the base, strong enough 
not to be mistaken for a fold f. 

It has often been stated that the Pieride are distinguished from the Papilionidz 
in having the normal two anales instead of one only in the latter. This diagnosis 
of the families can no longer be upheld, but in modifying it, the difference between 
the two families, or rather between the Papilionide and all other rhopalocerous 
families, becomes more significant. 

To show this, the hindwing of a Pierid (fig. 76) should be compared with that 
of a male T'roides or Ornithoptera with the anal pouch opened (figs. 80-84). On 
good specimens it is easy to see that, whilst in the Pieride (as in all other 
Rhopalocera) the anal portion is a kind of soft flap which is bent down and lies 
alongside the abdomen in life, in the T'roides-group (fig. 97) it is peculiarly folded : 
there is a furrow just along 1, then the membrane rises and is strengthened by the 
curved 1a. This zone, as well as most of the portion behind 1, is folded over to 
form the pouch, but very close to the base of the wing a small portion of the anal 
margin is folded back again and supported by the vestigial vein 1 2 (figs. 82, 83). 


* This fluff emits a scent somewhat reminiscent of wood-smoke, even in dried specimens. _ 

+ This also applies to the American species of Polydorus, of which I have studied several representa- 
tives each of the ascanius, xneas, lysander and polydamas-groups. In all these the anal pouch is of 
the T'roides-type. 
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Figs. 76-95.—Venation of hindwings. All males, unless stated otherwise. The anal area (scent- 
pouch, underside-furrow) opened and flattened out. (For cross-sections of anal areas in their natural, 
folded state, figs. 96-108.) Vein 1 is often very thin and continued by a fold. Vein Iz is nearly 
always present, but often too small to be shown in the figure. y 


Figs. 76. Pieris brassice (L.), Britain. 77. Polydorus zaleucus (Hew.), Klong Kling, Siam. 78. Poly- 
dorus iphidamas phalias (Roths. & Jord.), Magdalena Valley, Colombia. Represents xneas-group. 
79. Polydorus echemon (Hiibn.), Para. Represents lysander-group. 80. T'roides helena helena (L.), 
Bawean. 81. T'roides amphrysus ruficollis Btlr., Sumatra. 82. T'roides hypolitus hypolitus Cr., 
Amboina. 83. T'rogonoptera brookiana albescens Roths., Malay States. 84. Ornithoptera priamus 
poseidon Dbl., Aitape, New Guinea. 85. Same form, female, same loc. 86. Polydorus poly- 
damus (L.), female, Nassau Is., Bahamas. 87. Polydorus aristolochixw (Fab.), Dutch East Indies. 
88. Polydorus hector (L.),no loc. 89. Polydorus photinus (Dbl.),female, Guatemala. 90. Graphiwm 
sarpedon messogis Fruhst., New Guinea. 91. Graphium podalirius (L.), no loc. 92. Papilio 
zalmoxis Hew., Batouri distr., Cameroons. 93. Papilio hesperus Westw., West Africa. 94. Papilio 

machaon L., no loc. 95. Papilio polymnestor polymnestor Cr., Karwar, Kanara, south India. 


122 DR. F. E. ZEUNER ON THE 


In the allied genus Polydorus, one finds that the anal portion of the hindwing 
is modified, and mostly reduced, to a varying degree. In P. zaleucus Hew. (fig. 77 ; 
P. priapus-group) it is widened, but otherwise similar to the Troides-type. In 
P. hector L. (figs. 88, 100) the furrow along vein | is present, but the remainder 
of the anal portion of the wing is not folded over ; it merely rises to just beyond 1 a, 
behind which vein the membrane is reduced to a narrow, mostly downcurved 
strip. A furrow is thus formed on the underside immediately behind la. In 
P. aristolochie Fab. (figs. 87, 99) 1a has become almost marginal, but a narrow 
scent-area (absent in P. hector) is present. In all Polydorus which I have studied 
vein 1 is very thin and mostly does not reach the margin (figs. 77-79, 86-89). 
It is replaced by a fold distally. 

In Graphium (figs. 90, 91, 104, 105) the structure of the anal portion of the 
male hindwing is almost the same as in Polydorus aristolochie. Vein | is very thin, 
the membrane behind it bent upwards and provided with a hairy scent-organ in 
some species, for instance in G. sarpedon (L.), and the portion behind 1 a is narrow. 

In Papilio proper the reduction of vein 1 has gone still further (figs. 92-95, 
106-108). Only in the large west African P. zalmoxis Hew. have I been able to 
notice a trace of vein | (figs. 92, 106) ; it is fused with the base of la. The furrow 
along 1 is, however, still indicated. It is very close to 1 a, which vein is raised 
above the general level of the hindwing and curved. On the underside a large 
furrow runs along 1a; it is strengthened by 1 a, but this vein does not occupy 
exactly the middle of the furrow, the latter being slightly displaced towards the 
anal margin. The membrane between this furrow and the abdominal margin is 
comparatively wide in P. zalmoxis, but narrow in other species. The large furrow 
on the underside of 1 a is a well-known characteristic of Papilio in the restricted 
sense, and it can be interpreted as derived from the more complete anal pouch of 
the T'roides-type by reduction of vein | and of the space between 1 and la. This 
is borne out by the females of the T'roides-group (figs. 85, 101-103). It is impossible 
to make sense of the structure of the anal region by assuming that the T'roides- 
pouch is a specialization derived from a Papilio-type of hindwing. This would 
require the hypothesis that vein | at first disappeared and later on re-appeared. 

In most other genera of the Papilionide the reduction of the anal region has 
gone even further than in Papilio proper, but although vein 1 has disappeared 
completely, the corresponding furrow on the upperside is often still present. 

In short, starting from the primitive type of anal region as observed in the 
Pieride (and in all other Rhopalocera except the Papilionide), one finds that in 
the T'roides-group all its elements are still present and that folding-over has taken 
place in connection with the formation of a scent-organ on the upperside. In 
Polydorus and Graphium various stages of reduction are observed, and in Papilio 
proper the reduction has gone still further. Without entering into further details 
it can therefore be said that, among the Papilionide, the Troidini are comparatively 
primitive as regards venation. 

One can easily derive Papilionids with a reduced anal area from any group 
with an unreduced anal area, but not vice versa. This would contradict Dollo’s 
Law of the Irreversibility of Evolution (Dollo, 1893). One cannot even adduce 
the case of atavistic reversibility which has been observed occasionally in groups 
with unstabilized characters (Zeuner, 1929), since the structure of the anal area 
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in Papilionids is specifically perfectly constant and does not vary individually. 
I venture to suggest that a further study of the anal area of the hindwing in the 
Papilionide will enable one to improve upon the arrangement of tribes and genera. 
In any case, the dividing line between Papilionide and Pieride must not be drawn 
by means of the number of anal veins, but by means of the anal area being 
specialized and at least partly turned upwards in the former, and unspecialized 
and bent downwards in the latter. And the Troides-group, in spite of its species 
being large-sized and splendidly coloured, is not the culmination of the evolution 
of the Papilionids, but at the best one of several parallel lines which arose directly 
from some primitive stock. 
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Figs. 96-108.—Schematic sections across the basal fourth of the anal area of the right hindwing. 
Veins 2, 1 and la are indicated, vein 1x has been omitted, since it is shorter than the basal fourth. 


Figs. 96. Polydorus iphidamas phalias (Roths. & Jord.), male, Colombia. 97. T'roides rhadamantus 
(Luc.), male, Philippines. 98. Schanbergia paradisea (Stgr.), male, New Guinea. 99. Polydorus 
aristolochiz# (Fab.), male, India. 100. Polydorus hector (L.), male, India. 101. Schenbergia para- 
disea (Stgr.), female, New Guinea. 102. T'rogonoptera brookiana (Wall.), female, Borneo. 
103. T'roides helena hephestus Fldr., female, Celebes. 104. Graphiwm sarpedon (L.), male, Austra- 
lasia. 105. Graphium podalirius (L.), male, Europe. 106. Papilio zalmoxis Hew., male, West 
Africa. 107. Papilio hesperus Westw., male, West Africa. 108. Papilio machaon L., male, Europe. 


In the females of T'roides and its allies vein 1 is more reduced than in the males, 
for the obvious reason that the scent-pouch is reduced (figs. 86, 87, 89, 101-103). 

Function of the anal pouch of Troides.—The anal pouch is formed by the area 
between la and the anal margin being folded back over the area between 
1 and la, so that the distal portion of the anal margin touches the narrow 
furrow which runs close and parallel to vein 1 (fig. 97). A closed pouch is formed 
in this manner ; it contains the yellowish-brown scent-fluff. Close to the base 
the extreme anal margin is folded upwards and back once more. ‘This little 
subsidiary flap is strengthened by the short vein 1 x, which is stiffly inserted to 
the sclerite at the base of the wing. 

It is evident from this description that the anal pouch is normally closed, so that 
“scent ” is not likely to escape. Since, in the normal position of flight, the anal 


VOL. xxv.—ParT ut. No. 3.—July, 1943. ‘gs 


124 DR. F. E. ZEUNER ON THE 


margin of the hindwing is kept close and more or less parallel to the abdomen, 
one cannot see how the pouch can ever be open while the insect flies. If it settles 
down, however, and pulls the hindwing forward, the pouch will be unrolled auto- 
matically, because the veins 1, 1 a, and 1 w are disconnected at the wing-base and 
belong to sclerites other than that of the anterior portion of the wing. In relaxed 
specimens the mechanism works fairly well, but it cannot be tested properly on 
dead specimens since the muscles have become too rigid. It may be possible to. 
observe the movement in nature. If the interpretation of the function of the 
anal pouch as given here is correct, it is likely that scent is emitted only when the 
male is settled close to a female. 

A similar scent-pouch as in T'roides is found in Polydorus priapus (Bdv.) and 
its allies, and in T'rogonoptera. Some Graphium, e.g., Graphium sarpedon (L.), 
have an organ strongly reminiscent of that of T'roides (fig. 104) ; in other species. 
it is reduced (G. podalirius (L.), fig. 105). 

The anal brush.—This term is proposed here for the second scent-organ of the 
hindwing of the Troides-group. An often-noted character of the members of this. 
group is a brush of long brown hairs issuing from the underside along vein 1 a 
(figs. 97,98). These hairs are always long enough to protrude beyond the up-turned 
anal margin. 

In the position of flight the brushes of the two hindwings must play on the 
tergites of the abdomen, and here one finds modifications in many species. The 
dorsal portions of those tergites which are reached by the hairs of the brushes. 
carry modified scales, usually of a colour different from that of the other parts. 
of the abdomen, and the integument underneath appears to be less strongly 
chitinised than on the remainder of the tergites. This dorsal zone often collapses. 
when the specimen is dried, and a furrow is produced. 

Such an androconial organ on the abdomen, combined with anal brushes of the 
hindwing, is present probably in all species of T'roides (and also in T'rogonoptera, 
Schonbergia and Ornithoptera). Only in 7. riedeli, prattorum and hypolitus I have 
been unable to detect modifications on the abdomen. In 7’. haluphron, plato, 
criton, vandepolli, honrathianus, darsius and rhadamantus a strip of modified scales 
is recognizable in some specimens. In others it cannot be seen, but in most of 
these species a dark silky fur tends to cover the abdominal tergites and may be 
hiding the modified areas. I am inclined, therefore, to suppose that the same 
applies to 7’. riedeli, prattorum and hypolitus. 

The two scent-organs on the male hindwings of Troides appear to supplement 
one another, the brushes functioning during flight, and the pouches when a female 
is approached. They do not afford a means of segregating groups of species 
within the genus, though in 7’. cuneifer (and less so in 7’. mirandus) the abdominal 
areas have become almost circular and very dark on the fourth and fifth segments *. 
But even in these species individual variation is considerable. 

Male genitalia.—In order to see whether any subdivisions can be based on the 
genitalia, a preliminary survey has been made of the male claspers and harpes of 
all species and many subspecies. The results are shown in figs. 1-37. 


* Roepke (1935), has found that the structure of the integument is modified underneath these: 
androconial patches. 
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As regards Troides, three groups of species are at once apparent : 

(1) That in which the harpe is a long arm with a terminal “ head ” equipped 
with teeth. The head is often turned upwards. The basal hooks of the harpe 
are small or absent. Most species. Figs. 1-30. 

(2) That in which the harpe is reduced but one or both basal hooks are very long. 
T. mirandus, andromache, amphrysus, cuneifer. Figs. 31-35. 

(3) One species in which the harpe is very short, almost as broad as long and 
nearly square-shaped, with no individualized head and with the basal hooks just 
indicated. 7’. hypolitus. Figs. 36, 37. 

These groups are substantiated by many characters of the body and wings. 
Group (1), however, cannot be subdivided by means of the genitalia alone. 

The species-groups of Troides.—It is convenient to retain the three major groups 
based on the male genitalia. 

Major group (1).—Hindwing black and yellow or golden only, not grey over 
wide areas, male forewing without dark square-shaped patch in basal half. Male 
harpe long, with toothed head and with basal hooks reduced or absent. 

This group comprises many “species”? of very unequal value. Forms which 
Rothschild, merely for the time being until more material became available, treated 
as species, have since been recognized as geographical races constituting subspecies- 
groups. 

Haliphron-species-group.—This applies to all the forms enumerated by Jordan 
(1908) under 7’. haliphron, to which 7’. plato has to be added as the slightly more 
differentiated race from Timor. Regarding this assemblage as the haliphron- 
subspecies-group, there remain several forms which agree with it in the way in 
which the black colour reduces the golden space on the hindwing. This is effected 
as if a paint-brush pivoted round the distal end of the anal margin, so that the black 
becomes broader and broader as one approaches the wing-base. The feature is 


' particularly striking if one compares the way in which the black enters the cell in 


this and other groups. 

Unlike the haliphron-subspecies-group, the other forms of the species-group 
(T. criton, riedeli, vandepolli with honrathianus, and darsius) show very little 
geographical variation. These species differ more from one another than any 
two races of 7’. haliphron, yet in their distribution they almost remind one of 
the members of a subspecies-group : 7’. criton on Halmaheira, Obi and neighbouring 
islands, and in south Celebes, riedeli on 'Tenimber, vandepolli on Java and Sumatra, 
darsius in Ceylon. T. haliphron occupies the Lesser Sunda Isles from Sumbawa 
and Sumba eastwards to Tenimber, and also south Celebes and the islands between 
Celebes and Flores. There are two overlaps of 7’. haliphron with related species, 
one in south Celebes with 7. criton and the other in Tenimber with 7. riedeli. 
Accordingly, one has to regard the species enumerated above as members of a 
species-group, which will henceforth be called the haliphron-species-group. 

They are all characterized by thy “aanver in which the black spreads into the 
cell of the male hindwing, by their forewiaz3 having a very long fore margin but 


_a short hind margin, and by their hindwings mostly being long, if measured along 


the anal margin. The male abdomen is always dark brown or black above. 

Helena-species-growp.—The next group to be considered is that around 7’. helena. 
The male forewing has a comparatively longer anal margin, which makes the wing 
$2 
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look broader. The hindwing is never elongate, and its anal margin is about 
as long as that of the forewing. The black enters the cell as if pivoting round 
the distal end of vein 8; in other words, it widens from the distal end of the costal 
margin towards the base of the wing. The abdomen is nearly always provided 
above with yellow edges to several segments, and its brown is less dark than in 
the haliphron-species-group. The sides of the abdomen are covered with intensely 
yellow scales reaching fairly high up to the back. The male genitalia do not 
differ from those of the haliphron-species-group. 

Rothschild (1895) considered 7. helena and T’. oblongomaculatus as two distinct 
species, but Jordan (1908) merged them as forms of 7’. helena. Apart from the black 
margin of the hindwing being broader in 7’. oblongomaculatus, there appears to be 
a difference in the male genitalia (figs. 12-15; 16-22), the harpe of 7’. oblongo- 
maculatus being clumsier and provided with coarser teeth than that of 7’. helena. 
Whether this latter character is constant I am unable to say. 

T. helena and 7. oblongomaculatus together occupy the largest area of all T'roides.. 
T. helena and its subspecies range from north-east India and Hainan to Sumbawa,. 
Binongka and Celebes and Saleyer, exclusive of Palawan and the Philippines. 
T. oblongomaculatus occurs from New Guinea westwards to Ceram and Buru.. 
There is an apparent gap, no reliable records being available from Halmaheira *, 
Batjan, Obi or the Sula Isles, but it has been reported from Saleyer (7'. 0. thestius: 
Staud.), and according to Rothschild (1895) from Macassar, south Celebes. Thus, 
T. helena and T.. oblongomaculatus both occur in Celebes and Saleyer, the former 
having advanced east as far as the Jukan-Besi Islands (Binongka), the latter as. 
far west as Saleyer. The two cannot, therefore, be united in one subspecies-group, 
but have to be regarded as a species-group consisting of two subspecies-groups.. 
It is called the Helena-species-group. 

The two forms of T. o. bouruensis.—On Buru and in some other places, two forms 
of 7. oblongomaculatus occur, the males of which agree in every character except 
the genitalia : 

T. bouruensis I.: Male clasper and harpe as in 7’. o. oblongomaculatus, harpe 
completely hidden in the claspers, the latter closed. From Buru only, but very 
close to 7’. 0. oblongomaculatus from Ceram. Figs. 18, 19. 

T. bouruensis II. : Male harpe longer than the clasper, directed slightly upwards, 
supported basally by a strong chitinous ridge, connected with the central portion 
of the valve by a raised cone of integument, protruding between the claspers. 
Claspers gaping, cannot be closed completely. From Buru, Ceram, Amboina,. 
Kapaur, Stephansort. Figs. 20-22. 

Of 7. bouruensis I. I have seen 28 specimens from various localities on Buru. 
7. bowruensis II. is much rarer, only four specimens from Buru being known to- 
me. Both forms possibly occur together (Kayeli, iii. 97: Doherty leg.), and if 
this means that they fly intermingled, 7’. bowrwensis II. may have to be regarded. 
as a species. 

The statu» of these interesting forms cannot be ascertained at present. A further 
complication is the existence of two kinds of females. 


* Felder reported 7’. oblongomaculatus from Ternate. Since no specimens appear to be in any- 
collection, it is probable that he mistook 7’. criton for this species. 
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Wallace (1865) described 7. h. bowruensis from males “ exactly resembling the- 
Amboyna specimens,” and from “ nearly black females.” One of Wallace’s males. 
and two of his females are in the British Museum. Both harpes of the male specimen 
are unfortunately destroyed, and Wallace’s description of the male gives not the. 
slightest hint which of the two male forms he had, but the two females agree with 
Wallace’s description, being “‘ nearly black.’ I therefore have made one of these 
females the holotype of 7’. h. bowrwensis Wallace. 

Jordan (1908) described two kinds of females of 7’. bowrwensis, one dark (forma 
capnodia Jordan), one light (forma argidia Jordan). For convenient reference the 
latter may be called the ‘“‘ white’? form. The fact that Wallace had only black 
females before him makes capnodia Jordan a synonym of bouruensis Wallace. 
The name argidia Jordan for the white form remains. 

The question now arises whether the two male forms known correspond to the 
two female forms known, and if so, how they have to be paired. On the basis 
of the material and information available, no answer can be given. Assuming, 
however, that the two male forms do belong to the two female forms as their 
respective mates, there is some slight indication that the males bouruensis II. go 
with the white females, argidia Jordan, since both are the rarer forms, and both 
occur outside Buru. The numbers of specimens from Buru (British Museum, both 
at Tring and London), are as follows :— 

Male bowruensis I.: 28. Male bouruensis II. : 4. 

Female bouruensis Wall.(=capnodia Jord.): 17. Female argidia : 8. 

So far as the data permit one to judge, the difference is not that of mountain 
and lowland forms. Male bowruensis II. also occurs at (1) Amboina, (2) Mansela,. 
centr. Ceram, 650 m., 1912, Stresemann leg., (3) Kapaur, and (4) Stephansort,. 
New Guinea (one specimen each). At all these places whitish females are found 
beside black ones. 

Whatever the correct combination of the male and female forms will finally 
prove to be, no new name is required. The present uncertainty, however, prevents 
me from interpreting phylogenetically this curious case of differentiation, except 
that it shows 7’. oblongomaculatus to have occupied the area for some time longer 
than the Z-stage. 

Aiacus-species-group.--A third well-characterized assemblage of forms is grouped 
around 7’. wacus and 7. rhadamantus. The apex of the forewing is more pointed 
and slender than in the preceding groups. In spite of this, the anal margin tends. 
to become long, so that the hind angle of the forewing is peculiarly sharp in many 
specimens, and the outer margin slightly concave. The anal margin of the hind- 
wing equals that of the forewing in length. 

The pattern of the forewing is the usual one, but the whitish streaks are chiefly 
the result of scales being absent, and there is often some yellow pigment at the 
base of vein 2. On the hindwing there is a very pronounced tendency of the 
golden area to be obscured by a shadow of black scales which creeps over it from 
the marginal band of the spaces between veins 2 and 6. In T. rh. dohertyi the 
entire upperside has become black, though not the underside. 

In the male genitalia this group (figs. 23-28) agrees closely with the helena- and 
haliphron-species-groups (figs. 12-22 ; 1-11), with the exception of 7. magellanus 
(figs. 29, 30). 
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T. wacus and its subspecies are widely distributed over the southern part of 
Asia, from Garwhal (western Himalayas) to Kansu, Setchuan, Yunnan and 
Formosa in the east and over the whole of Further India, down to Negri Sembilan 
-on the Malay Peninsula. In most areas it is a mountain species. In the Philippines, 
Palawan, Sulu and Talaut Islands, 7’. wacus is replaced by 7’. rhadamantus which, 
though closely related, differs in the male hindwing being more truncate across 
veins 2 to 6 and pointed at the hind angle. Furthermore, veins 2 and 3 of the 
hindwing branch off closer to the apex of the cell than they doin 7. wacus. T.wacus 
and 7’. rhadamantus do not overlap in their distribution, however, and the question 
remains whether or not they are able to interbreed. The venational character 
being important, I prefer to regard 7’. wacus and T’. rhadamantus as two closely 
allied subspecies-groups. 

There are three other species which show closer relationship to 7’. wacus and 
rhadamantus than to any other Troides : T. minos, T. prattorum and T’. magellanus. 

The forewing of the male of 7’. minos is comparatively broad and reminiscent 
of 7’. helena rather than of 7’. wacus, but there are yellow scales at the base of vein 2. 
There are also a few black scales between veins 2 and 4 of the hindwing, forming 
a “shadow” on the golden area. The cell is entirely golden except for about 
1 square millimetre at the very base. In this character 7’. minos agrees with all 
other members of the wacus-species-group (except 7’. rh. platent and dohertyi, in 
which the shadow has spread over the cell) and is distinct from both the helena- 
and haliphron-species-groups. Rothschild (1895, p. 204) says that 7’. minos 
“certainly agrees better with darsius and allies than with helena,” in the way the 
black approaches the cell of the hindwing. Since the cell is invariably entirely 
golden in 7’. minos, I suppose that he meant the fairly wide black band which runs 
along the anal margin and which touches the cell from the outside in this species. 
This argument is not conclusive. Rothschild also noticed, however, characters which 
T. minos has in common with 7’. wacus, namely, the thin scaling of the white 
streaks of the forewing and the shadow on the golden area of the hindwing of the 
male. To these one may add the yellow scaling on the base of vein 2 (forewing) 
and the entirely golden cell (hindwing). 

One may be reluctant to consider these features as convincing evidence for the 
close relationship of 7’. minos to the wacus-species-group, but the females support 
the case very strongly : they resemble one another so much that it is difficult to 
detect the specific characters. It is likely, therefore, that 7’. minos is the south 
Indian representative of the wacus-species-group. 

The two remaining species of this assemblage have both opalescent hindwings 
in the male, and very pointed forewings with a long anal margin, a sharp hind angle 
and a concave outer margin. The forewings indeed look like exaggerated fore- 
wings of 7’. wacus. The cell of the male hindwing is devoid of black, and in 
T. prattorum a black shadow is present between veins 2 and 5. In 7’. magellanus 
this shadow is practically absent. 

The male genitalia of 7. wacus, rhadamantus, minos and prattorum resemble 
those of the haliphron- and helena-species-groups, except that the claspers are some- 
what larger in proportion to the animal. 7’. magellanus, however, differs to a 
certain extent in having a broader and shorter harpe, the head of which is set off, 
comparatively small and equipped with numerous large teeth. In spite of this 
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difference in the male genitalia, 7’. magellanus is closely allied to 7’. prattorwm, as 
confirmed by many other characters in both sexes. 

The distribution of 7’. minos, prattorum and magellanus relative to the subspecies- 
groups of 7’. wacus and 7’. rhadamantus is interesting. '. wacus, as mentioned 
above, inhabits a vast area on the Asiatic continent, namely, the mountain ranges 
of the Himalayas, Tibet, west China, Further India, and the Malay Peninsula. 
T’. rhadamantus, closely related, lives on the Philippines and the islands connecting 
them with Borneo. 7’. minos lives in the rain forests of south-west India (south 
of Bombay). These three overlap nowhere. They appear to have become 
separated in comparatively recent times. 

T. prattorum holds an isolated position on Buru, whilst 7’. magellanus is found 
in the Philippines and Formosa, where it overlaps with 7’. rhadamantus and cwacus 
respectively. This pair of species stands somewhat apart from the other three, 
and the described overlap in distribution renders it probable that they belong to 
an older phylogenetic stratum. 

_ It would be possible to combine 7’. wacus, rhadamantus and minos in one species- 
group and 7’. prattorum and magellanus in another, but the two assemblages have 
so many characters in common that it is more convenient to regard them as a 
single wacus-species-group, comprising two sections. 

The haliphron-, helena- and cacus-species-groups are more closely related to one 
another than to either of the following two groups, which stand somewhat apart- 
and exhibit a number of structural peculiarities. 

Major group (2).—In the males of all four species of this group (7. amphrysus, 
cuneifer, andromache, mirandus) the anal margin of the forewing is very long, 
which gives the wing a broad appearance. ‘The scaling of the forewing is thick 
and velvety and shows, in the last two species, a dark blue iridescent sheen. 

The basal half is particularly dark and contrasts with the yellowish-white. 
markings, against which it is delimited by almost straight lines meeting at right 
angles between veins 3 and 4. This character is, of course, obscured in melanistic 
forms or specimens. 

In the male hindwing the cell is always free from black, except occasionally at 
the very base. Obscuration of the disc does not proceed from the margin or the 
base of the wing (as in the other groups of T'roides), but from the row of wedge- 
shaped discal spots which appear occasionally at least in 7’. cunezfer in a diffused 
manner. They are homologous to the row of discal spots found in all the females 
of Troides and its allies. 

Vein 7 of the hindwing provides a good character being, in the middle of its 
course, very slightly concave towards the costal margin (instead of being convex 
throughout) and strongly hooked at its distal end (fig. 81). 

The scent-patches on the abdomen are very distinct in all four species, especially 
so in 7’. cuneifer. 

The male genitalia (figs. 31-35) differ from those of other T’roides. The arm of 
the harpe is very much reduced ; only in 7’. cunezfer is a small portion with apical 
teeth preserved *. Instead, the basal hooks are very much enlarged. Both the 


* This provides an excellent character for the separation of 7’. amphrysus and 7’, cunetfer. Roepke 
(1935, fig. 2) shows the difference clearly. His figures, if compared with those in the present paper, 
illustrate the amount of individual variation encountered. 
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upper and lower hooks are present in 7’. andromache and mirandus, whilst in 
T.. amphrysus and cuneifer only the upper is developed. ‘The large size of the basal 
hooks of the harpe in this group reminds one of Schenbergia. 

The group is entirely confined to Sundaland. 7’. amphrysus occupies the widest 
area, from the Nias island-chain across Sumatra and Java to the Malay Peninsula 
and Borneo. The closely related 7’. cuneifer occurs in Java, Sumatra and the 
Peninsula, where it replaces 7’. amphrysus in the mountains. These two species 
-appear to be a good instance of a pair formed by ecological differentiation. 

T. mwrandus occurs on the mountains in northern Borneo and Sumatra (Deli 
-distr., NE Sumatra ; Padang Beneden, W. Sumatra, subsp. neomiranda Fruhst.). 
Its distribution is still insufficiently known. The same applies to 7’. andromache, 
which has been found on Mts. Marapok and Kinabalu in northern Borneo. 

Whilst 7. amphrysus and cuneifer are typical subspecies-groups, which are 
‘closely related to one another, 7. mirandus and andromache, which have in common 
several characters separating them from the first two, show but little geographical 
variation. They cannot be combined in a single subspecies-group, since both 
have been recorded from the same localities (Marapok and Kinabalu.) Each of 
them has been divided into two subspecies. 

Major group (3): Hypolitus-subspecies-growp.—T’. hypolitus constitutes a group 
-of its own within the genus. It agrees with other members in the pattern and 
scaling of the forewing (including the thin scaling of the whitish streaks in the 
male), in the presence of golden scales in the male, the structure of the male anal 
‘pouch and the large anal brush. It is distinguished in both sexes by the cell of 
the hindwing never containing any golden or yellow scales, in the golden or yellow 
scaling being restricted to a row of submarginal spots, in the great extension of 
whitish scaling both on the upperside and underside, spreading from the anal 
margin, and in vein 8 being shorter than half the wing, vein 7 rising steeply to 
the costal margin (fig. 82). In the male the cell is exceptionally broad. The male 
genitalia (figs. 36, 37) are quite aberrant for the genus, the harpe being very short, 
broad and saucer-shaped ; it is reminiscent of TJ'’rogonoptera (figs. 38, 39). 

In shape, pattern and scaling the hindwing of the female approaches that of 
Polydorus priapus, the chief difference being provided by the orange submarginal 
spots (homologous to the golden spots of the male) of 7’. hypolitus. In the hind- 
wing 7’. hypolitus has preserved more primitive characters than other T'roides, in 
spite of some peculiar specializations such as the satin-like white underside of the 
male hindwing. 

The anal brush of the male is well developed, but androconial patches are not 
evident on the back of the abdomen. There are, however, striking reddish-orange 
areas on segments 3 and 4, and 6 and 7. 

In view of these differences 7’. hypolitus has to be regarded as the representative 
of an independent group within the genus. It comprises several subspecies 
ranging over Morty, Halmaheira, Ceram, Buru, Amboina and Saparua, Besi and 
Mangoli (Sula Islands), Celebes, Banggai and the Talaut Islands. 
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2. TROGONovTERA Rippon. 
1889. T'rogonoptera Rippon, Icon, Ornithopt. ii. p. 1. 


Genotype.—Ornithoptera brookiana Wallace. 

Species.—T. brookiana Wallace, trojana Staudinger. 

Some characters of Trogonoptera.—In both sexes the forewings have a very long 
costal margin and a short anal margin. The angle between the two margins is 
more acute than in any T'roides, and the forewings are consequently very slender. 
The hindwings of both sexes are small and provided with a small cell. Vein 7 is 
very long and inserted close to the base of the wing ; it is over three times as long 
as the basal portion of the common stem of veins 5 to 7 (fig. 83). 

Both sexes have a pattern of green or blue iridescent wedge-shaped marks on 
the forewing which take the place of the whitish streaks of T'roides, and a broad 
band of the same colour on the disc of the hindwing. On the underside of the female 
white markings appear homologous to those of Troides, and the submarginal row 
of dark spots between the veins is recognizable on the hindwing. 

The anal pouch of the male has the same structure as in T'roides, but it is relatively 
shorter. The anal brush is long, but the androconial stripe on the back of the 
abdomen is hardly recognizable, if at all present. 

The male genitalia are very peculiar. The harpe does not form an arm but a 
kind of oblong saucer the distal and proximal ends of which are raised and provided 
with a row of teeth. Moreover, the long axis of the harpe is directed downwards 
in the clasper (figs. 38, 39). 

Relationship and distribution—The characters enumerated above remove 
T. brookiana and trojana so far from Troides, Schenbergia and Ornithoptera that 
the erection of a genus or subgenus was justified. 

In spite of the superficially great differences, T’rogonoptera shows distinct 
affinities to Troides and not to one of the other “ green and black” groups. This 
is borne out by (1) the presence and shape of the white markings on the underside, 
(2) the shape of the green patches on the forewings which proves that they are 
derived from whitish streaks of the T'roides-type, and (3) the structure of the anal 
pouch, which contains androconial fluff. 

There is, however, not the slightest trace of golden scales. For some time I 
was inclined to link T'rogonoptera with the wacus-species-group, in which melanism 
is prominent, especially so in 7’. rh. dohertyi, which is quite black above. The 
structure of the genitalia of the male and the white marks on the hindwings of both 
sexes speak against such connection, but these two features are strangely reminiscent 
of 7’. hypolitus, though this species is differently specialized in the shape of the 
wings and in the venation of the hindwing. It is not impossible that T'rogonoptera 
and 7’. hypolitus are descendants of the same ancestral stock, that the former 
became adapted to a modified method of flying and, in addition, developed 
melanistic characters. This suggestion is advanced here in the hope that a more 
thorough study of T'rogonoptera will finally settle the point. 

Trogonoptera is a most typical Sundaland genus. It is apparently chiefly 
confined to lower altitudes. 7'. brookiana occurs in the Malay Peninsula, north- 
east Sumatra, Borneo, Balabac and the Natuna Isles, but not in Java. 7’. trojana 
is restricted to Palawan. Geographical variation is remarkably slight, which 
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indicates that the group is well stabilized and probably fairly old. I am unable 
to decide whether 7’. trojana is a “‘ good” species, but it may be treated as such 
as a matter of convenience. 


3. SCH@NBERGIA Pagenstecher. 


1893. Schenbergia Pagenstecher, Jb. nassau. Ver. Naturk. xlvi. p. 35. (Subgenus, type 
Ornithoptera schaenbergi Pag.—=paradisea Stgr.) 

1894. Schenburgia Rippon, Icon. Ornith. i. p. 9. (In most copies, an 
over the “ u.’’) 

1910. Phaleznosoma Rippon, Icon. Ornith. ii. p. 121. (Section of genus Schanbergia, with 
Troides chimera Roths. as type.) 


ee 


e’”’ has been stuck 


Genotype.—Ormithoptera paradisea Staudinger, 1893. 

Species.—S. goliath Oberthiir, chimera Rothschild, tithonus de Haan, rothschildi 
Kenrick, paradisea Staudinger, meridionalis Rothschild. 

Some characters common to Schoenbergia and Ornithoptera.—Schenbergia and 
Ornithoptera (genotype : P. priamus 1.) together contain those species of which the 
males are black with iridescent (interferential) blue, green or coppery colours, and 
of which the females are dark brown with whitish patches. In both groups the 
anal area of the male hindwing is devoid of androconial fluff, black scales of the 
normal type being present instead. The abdomen of the male is covered with 
chalky yellow scales ; the anal brush and the androconial stripe on the abdomen 
are present and often very well developed. 

These characters suffice to separate Schaenbergia+Ornithoptera from Troides + 
Trogonoptera. ‘They show that the first two are more closely related to one another 
than to the last two. It may therefore be asked whether the distinction between 
Schenbergia and Ornithoptera should be upheld. Schenbergia was established as 
a subgeneric name almost 50 years ago, but the only worker who adopted it appears 
to have been Rippon. The differences between Schanbergia and Ornithoptera are 
slight indeed, the only perfectly constant character being the absence of the sex- 
brand on the male forewing in Schenbergia and its presence in Ornithoptera. The 
male harpe is always very broad at the base, but its head is comparatively very 
small (figs. 41-49) and the distal portion of the arm slender. There are two large 
basal hooks, except in S. chimera, which has one or two small hooks beside one 
which is very large. In Ornithoptera the basal hooks are of moderate size, or, if 
large, there is one only, except in O. alexandre, which has two large hooks. This 
species has, however, the oval clasper of the victoric-species-group, which cannot 
be mistaken for a clasper of a Schenbergia. The difference in the male genitalia 
is, in fact, greater than appears from the description, but it is quite obvious that 
Schenbergia and Ornithoptera are, in this character too, closely related groups. 

In Schenbergia the veins of the disc of the female hindwing are at least over- 
powdered with white scales and nearly always more or less white. In Ornithoptera 
they are dark brown and framed in this colour. S. goliath, however, approaches. 
to some extent the Ornithoptera-type, and O. wsacus the Schenbergia-type. This 
once more demonstrates the close relationship of the two groups. 

On the other hand, it must be admitted that the two groups are evidently 
natural units, and no species is known which cannot unambiguously be attributed 
to either Schenbergia or Ornithoptera. Compared with Troides and Trogonoptera, 
Schenbergia and Ornithoptera are lower systematic units and should at the most 
be regarded as subgenera of a genus Ornithoptera. 
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The venation and the shape of the wings, especially of the males, vary considerably 
in both Schenbergia and Ornithoptera and can be used for the distinction of species- 
groups and species only *. Sometimes they vary individually. 

The wing-pattern of Schcenbergia and Ornithoptera.—The pattern of the female 
is more easily interpreted than that of the male. In the female of O. cresus the 
whitish markings extend over most of the membrane of the wings. Comparing 
this female with one of, for instance, 7’. wacus, one notices that the whitish patches 
which, on the forewing, fill the spaces between the veins, can be derived from the 
whitish streaks which accompany the veins in T’roides. These streaks appear to 
have spread and driven out the black areas of the interspaces. A new element 
has appeared in the form of a row of submarginal whitish spots in the interspaces. 
These spots correspond to a similar row on the hindwing, on which they are 
connected with the discal white field in such a manner that, by isolation, the well- 
known row of discal black spots is formed out of an original band f. 

The most essential feature in the pattern of Schenbergia and Ornithoptera is that 
the spreading of the dark colour, whether it be an individual, subspecific or specific 
character, does not proceed from the interspaces (it does so in T'roides), but from 
the veins. This spreading is irregular, and the remaining whitish { patches are 
correspondingly irregular. 

The hindwing of the female is more conservative than the forewing. The black 
always spreads from the base of the wing, though in a somewhat different manner 
in Schenbergia and Ornithoptera respectively. In Ornithoptera the black creeps 
along the veins of the disc. This is usually not so in Schenbergia, where it is 
separated from the whitish band of the disc by a comparatively clean-cut, angular 
line. The discal whitish band is continuous in Schenbergia-females, and broken 
up by black veins in Ornithoptera §. 

The undersides of the females agree with the uppersides in all essential points. 

Males.—The males, which look so unlike the females from above, reveal on the 
underside a pattern reproducing the features of a pale-coloured female, with the 
difference that the whitish scales of the female are replaced by scales of an 


* This applies particularly to the position of veins 7-9 relative to the end of the cell of the forewing, 
which has been used in classification by some workers. In one specimen of O. priamus celestis, 
veins 7 and 8 were found to come from the cell, not being stalked. This is, of course, an abnormal 
case, but it is a normal character of the Hesperiide ! 

One can almost say that in Schanbergia and Ornithoptera the venation and the wing-shape have 
begun to run wild, whilst in all the related genera they are remarkably constant within the major 
groups. This instance of a sudden appearance of great variability in a hitherto constant character 
(as seen from the phylogenetic standpoint) does not stand alone. It deserves special investigation, 
since at a first glance it appears to contradict Rosa’s Law of the progressive reduction of the vari- 
ability (1899), which is commonly regarded as governing the process of morphological differentiation 
of subspecies. 

+ This pattern of dark margin and veins, with submarginal row of light, often moon-shaped spots 
separated from the dise by a dark, often interrupted band, is frequent in the Papilionide. 

+ In Schenbergia and Ornithoptera whitish areas are often replaced by yellow. This change appears 
to be comparable with the corresponding one in the Pieride, +. ¢., depending on the degree of oxidation 
of the pigment in the scales (Ford, 1941, p. 67), not on a different kind of pigment. In the discussion 
“ whitish ” is meant to include “‘ yellow,” in this respect. 

§ In S. goliath wear causes the veins to appear as fine dark lines, whilst in O. asacus and O. p. poseidon 
the veins are often powdered white. This character, therefore, does not separate Schanbergia and 


Ornithoptera very sharply. 9 
Ts 
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iridescent (interferential) blue, green or orange. This shows that, at any rate on 
the underside, the interferential scales are not the result of ‘‘ super-melanism ”” 
(the case of intensely black scales becoming iridescent, as in T'roides mirandus and 
hypolitus, for instance ; see p. 118), but that they replace a whitish kind of scale. 
This conclusion agrees with the result of Siiffert’s investigation into the structure 
of these scales (1924). He found that in the green scales of O. priamus a yellow 
pigment is combined with a blue sheen. In most Schenbergia, especially in 
S. tithonus, one can see clearly that yellow scales underlie the iridescent green 
on the underside. 

On the upperside of the forewing the iridescent scales are arranged in three 
bands, one following the radius and its branches (veins 7-11), one following the 
cubitus and its branches (veins 2-4) and one following the anal margin (and in 
Ornithoptera often extending up the outer margin). They may be called the radial, 
cubital and anal band, respectively. The cubital and anal bands are sometimes 
reduced ; in other species (S. goliath, for instance) they are fused. 

This pattern of bands on the upperside of the male forewing is a new acquisition 
of Schenbergia—Ormthoptera, and | am unable to suggest a derivation from any 
more primitive papilionid pattern. There is a marked tendency of the iridescent 
scales to follow the venation, and this is the reverse of what is observed on the 
underside. That the scales involved are of the same type as those on the underside, 
is implied in Siiffert’s results and, in S. tithonus and races of O. victoriw, plain 
yellow scales actually appear on the upperside. 

The shape of the individual scales varies with the species and groups. Jordan’s 
notes in Rothschild (1895, pp. 194, 203, etc.), on the shape of the scales in several 
species, suggest that this character may be helpful in classification, but they also 
show that the iridescence is not dependent on any particular shape of the scale. 

The hindwing of the male is more easily interpreted than the forewing. Golden 
scaling is present, if only in small patches, in nearly all the species and subspecies. 
On the whole, the golden areas are in a state of reduction in Schenbergia and 
Ornithoptera, but they are larger in Schenbergia than in any species of Ornithoptera. 
Of all Schenbergia, S. goliath stands, in this character as in several others, closest 
to Troides. Most of the cell and the disc are golden. There is a row of submarginal 
(discal) black spots. These and the veins are covered with green iridescent scales. 
on the upperside, but on the underside they have remained black. This again 
illustrates the curious reversal of the rdle played by the green scales on the upperside 
and on the underside. In S. tethonus, chimera and rothschildi the golden areas 
are broken up into smaller patches by black and iridescent green scaling progressing 
from the anal margin into the disc. In these three species the discal black 
spots are black above and underneath, and at least partly surrounded by green 
scales. Thus, their pattern has developed on the same lines on both sides of the 
hindwing. 

Scent-organs of Schcenbergia and Ornithoptera.—The anal pouch of Schenbergia 
and Ornithoptera differs from that of Troides and T'rogonoptera in being a deep. 
open fold (fig. 98), devoid of fluff and covered with ordinary black scaling instead. 
If flattened out, however, the anal area is just as large as in T'roides (fig. 84). Since, 
in all other characters, T'roides is less specialized than Schenbergia and Ornithoptera 
and since closed pouches are common in Polydorus and Graphium, the open 
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condition of the pouch and the absence of scent-fluff in the Schenbergia and 
Ornithoptera groups must be attributed to reduction of this scent-organ. 

On the other hand, the anal brush and its counterpart on the abdomen are very 
well developed. In addition, the chalky yellow scales of the male abdomen also 
may act in connection with the brushes since, in some specimens, they appear 
partly to have been worn off by the hairs of the anal brushes. 

A third scent-organ, the moon-shaped patch on the forewing, is peculiar to: 
Ornithoptera, but absent in Schenbergia. 

Male genitalia of Schcenbergia.—The male genitalia of Schenbergia (figs. 41-49) 
supply one of the best characters of the group. The harpe is very broad at the 
base, but very slender apically. The two basal hooks are very long and vary 
considerably in shape (see also p. 132). 

The species-groups of Schcenbergia.—Shape and pattern of the male hindwing 
provide the most convenient means of subdividing Schenbergia. There are three 
groups: (1) that of S. goliath, with the hindwing reminiscent of T'roides in pattern 
and with the discal black spots overlaid with green above ; (2) that of S. chimera, 


_ tithonus and rothschildi, in which the shape of the hindwing has become aberrant, 


oblong, and on the upperside of which the discal spots are black; and (3) that of 
S. paradisea and meridionalis, in which the hindwing is small, with a straight 
outer margin, tailed at vein 2 * and without any discal spots. 

Group (1) is a large subspecies-group ranging over Ceram, Waigeu, New Guinea 
to Goodenough Island. Its presence in Ceram (9S. goliath procus Roths.) marks 
the western limit of distribution of Schanbergia. 

Group (2) is entirely confined to New Guinea (including Waigeu), and its distri- 
bution is still imperfectly known. S. tithonus and S. rothschildi have both been 
caught at the Angi Lakes in the Arfak Mts. (Dutch New Guinea ; 6000 ft.) and 
have definitely to be regarded as species. S. chimera and S. tithonus have not 
yet been reported from the same locality, though the British Museum contains a 
specimen of the former (S. c. dracena J. & T.) from the Oetakwa River, Snow Mts., 
Dutch New Guinea, “ up to 3500 ft.,”’ and one of S. tithonus (subsp. unidentified) 
from the same river, “‘ at sea-level.” It is possible, therefore, that they overlap. 

S. chimera is known from the Weyland Mts. (Menoo River, 3500-5000 ft.), 
Snow Mts., Wandammen Mts. and Mt. Kunupi in central Dutch New Guinea 
(S. c. charybdis van Eecke) ; Sattelberg Kapatkone, Wappe, Rawlinson Mts., Huon 
Gulf (inland, 1200 m.) in the Mandated Territory (S. c. flavidior Roths.) ; Owgarra 
(head of Aroa River), Owen Stanley Mts., Angabunga River (affluent of St. Joseph 
River, 6000 ft.), Biagi (Mambare River, 5000 ft.), Edie Creek (west side of Herzog 
Mts., 6100 ft.), all in British New Guinea, except possibly the last, but this is also 
from the “ west side”’ of the mountains (S. c. chimera Roths.). This species, 
therefore, extends from the Weyland Mts. eastwards. 

S. tithonus is known from Waigeu (S. t. waigeuensis Roths.) ; Onin peninsula, 
Fak-Fak, Kapaur, east side of Geelvink Bay (S. t. tithonus de Haan) ; Angi Lakes 
(Arfak Mts.) (S. t. prominens J. & N.) ; Djalan River (Geelvink Bay, 25 miles from 
coast), Wangaar River (15 miles from coast), Mt. Misresi (Arfak Mts., 3000 ft.) 
(S. t. misresiana J. & T.). One further specimen came from Misol, and another 


* This tail is a new acquisition. It has nothing to do with the tail of many species of Polydorus, 
Graphium and Papilio, which is produced by vein 4. 
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from the Oetakwa River (Snow Mts.), as mentioned. It is evident that S. tithonus 
is typical of the western peninsulas of New Guinea (west of 135° Lat.), but there 
are two records from further east (in italics above). 

Since both S. chimera and S. tithonus can be divided into a number of geographical 
forms, and since the male genitalia are very different, they have to be regarded as 
species which in their present distribution, still reveal their origin as geographical 
subspecies of a common ancestor. 

Group (3) consists of S. paradisea, ranging with three subspecies from the Arfak 
Mts. (Angi Lakes) eastwards to the Finisterre Mts. of the Mandated Territory, and 
of S. meridionalis, known from British New Guinea and from Wangaar, on the 
north side of the Weyland Mts. (Dutch New Guinea, near Geelvink Bay ; S. m. 
tarunggarensis J. & T.). The last-named place is also a locality for S. paradisea 
arfakensis J. & T., so that S. meridionalis and paradisea appear to be separate 
subspecies-groups, the former of which is chiefly found south of the central 
mountain ranges, and the latter chiefly on the north side. 

Thus, apart from the goliath-subspecies-group, which is a group of its own, a 
species-group of S. chimera may be distinguished, comprising also S. tithonus and 
S. rothschildi, and another species-group of S. paradisea, which includes 
S. meridionalis. 

4. ORNITHOPTERA Boisduval. 

1758. Papilio (Equites Trojani) Linné, Syst. Nat. ed. x. p. 458. (Partim.) 

1832. Ornithoptera Boisduval, in d’Urville, Voyage ‘ Astrolabe,’ Lepid. p. 33. (Three species, 
including priamus L.) 

1875. Ornithoptera Boisduval : Scudder, Proc. Amer. Acad. Arts Sci. Boston, x. p. 234. (Selects 
priamus L, as genotype of Ornithoptera Boisduval.) 

1889. Ornithoptera : Fickert, Zool. Jb. iv. p. 760. (Restricts genus to the priamus-group, 
assigning the black-and yellow forms to Papilio.) 

1889. Priamusptera Rippon, Icon. Ornith. i., unnumbered pages replaced by pp. 33 and 41 later 
on. (‘‘ Section” for cresus and urvilleanus.) 

1889. Priamoptera Rippon, Icon. Ornith. i. (9) pp. 4, 32. (Correction for Priamusptera ; year 
doubtful ; made in later parts of same volume.) 

1894. Aitheoptera Rippon, Icon. Ornith. i. p. 47. (Type: Ornithoptera victoriz Gray.) 

1895. T'roides Hiibner : Kirby, ‘ Nature,’ li. p. 255. 

1929. Troides Hiibner : Bryk, in Strand, Lepid. Cat. xxxv. p. 11. (Partim.) 

1934. Ornithoptera Boisduval : Hemming, Gen. Names holarct. Butt. i. p. 143. 


Genotype.—Papilio priamus Linné, 1758. 

Species.—O. cresus Wallace, wsacus Ney, priamus Linné, allottei Rothschild, 
alexandre Rothschild, victorie Gray. 

Some characters of Ornithoptera.—The chief characters in which Ornithoptera is 
distinguished from, or agrees with, Schanbergia, have been mentioned on pp. 132- 
135. 

The cell of the forewing of both sexes is generally broader in Ornithoptera than 
in Schenbergia, but there is a certain overlap in this respect. The brown, moon- 
shaped, sex-brand on the male forewing of Ornithoptera lies between veins 1 and 4 
in the black area between the cubital and anal iridescent bands. It extends 
beyond vein 4 only in O. alexandre. 

In the female the discal spots on the hindwing are on the whole more wedge- 
shaped and closer to the outer margin in Ornithoptera, whilst in hate eb they 
are more rounded and closer to the cell. 
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The shape of the male forewing of Ornithoptera is elongate, and its hind angle 
tends to become rounded. The hindwing is either small and rounded, or very 
long with an unusually long cell. The basic pattern of the hindwing is reminiscent 
of that of Schenbergia, but the golden scales are much more restricted, a golden 
area in the cell being met with in O. cresus only. In O. priamus and O. victorie 
there are small golden submarginal spots which sometimes disappear, and in 
O. alexandre no trace of golden scaling is left. 

Scent-organs of the male.—The scent-organs of Ornithoptera agree in every respect 
with those of Schenbergia (p. 134), except that Ornithoptera possesses the additional 
sex-brand on the forewing. 

Male genitalia.—The harpe of Ornithoptera, compared with that of Schenbergia, 
is less wide at the base, whilst its arm is, on the whole, broader. The head of the 
harpe is turned up in most forms of O. priamus and turned downwards in O. victorie. 
Between these extremes all transitional stages may be observed (figs. 50-75). The 
basal hooks are small in O. priamus and its closest allies and two are present as a 
rule. In O. victorice and its allies at least one of them is very large. 

The species-groups of Ornithoptera.—Wing-shape, pattern, shape of the cell of 
the hindwing and the genitalia of the male admit of distinguishing two groups *, 
(1) O. cresus, priamus and cesacus (forewings + triangular, hindwings small and 
short), and (2) O. allottei, alexandre and victorie (both fore- and hindwings 
elongate). Group (1) has a harpe with a straight or up-turned head and with 
short basal hooks, whilst in group (2) the head of the harpe is bent downwards 
and one or two large basal hooks are present. Compared with Schenbergia, 
group (1) is more conservative than (2) in the pattern, but (2) is more like Schen- 
bergia in the structure of the male harpe. 

The priamus-species-group.—This group comprises the large subspecies-group of 
O. priamus ranging from Ceram eastwards to the Solomon and Louisiade Isles and 
south-eastwards to northern New South Wales, the small subspecies-group of 
O. cresus and the single species O. wsacus. 

Rothschild (1895) treated O. cresus Wall. from Batjan, and lydius Fldr. from 
Halmaheira, as separate species on account of the very constant differences in the 
coloration of both sexes. Structurally, however, both are much alike, in the male 
genitalia, as in the venation and the pattern and scaling. The male genitalia of 
these two forms (figs. 50-52) differ from those of the other members of the priamus- 
species-group in the harpe being very short, broad-headed and supplied with a 
comparatively large lower basal hook. It follows that O. cresus and lydius are 
best regarded as a separate subspecies-group, instead of as members of the priamus- 
subspecies-group. Otherwise, the latter would consist of two discontinuous 
assemblages. This view is nearest to Rothschild’s ; Jordan and others preferred 
the second alternative, which is advocated also by Toxopeus (1930), whilst Rensch 
(1929) regarded the priamus-group and the cresus-group together as an “ Arten- 
kreis,”’ as is done in this paper. 

There is a definite morphological break between O. c. cresus of Batjan and 
O. esacus of Obi, in coloration and in the structure of the male genitalia. The 
harpe of O. esacus (fig. 53) is very broad at the base but slender apically, with a 


* The orange, green or blue shade of the iridescent scaling is of minor phylogenetic significance, 
being due merely to the presence or absence of yellow pigment (Siiffert, 1924). 
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Straight head carrying a circular arrangement of spines. This feature is reminiscent 


of the O. victorie-group. In the considerable width of the cell of the forewing and 
the comparative length and slenderness of the hindwing, the male of O. wsacus 
resembles O. cresus but differs from O. priamus. Since the harpe also is so unlike 
that of the forms of O. priamus, O. esacus has to be considered as a distinct species. 

The priamus-subspecies-growp.—The exclusion of O. cresus with lydius and of 


‘O. cesacus leaves this group more homogeneous than before. Green subspecies of 
O. priamus are found from Ceram to the Admiralty Isles and New Britain, and 
southwards to New South Wales. Blue forms occur in New Hanover, New Ireland, 


the Solomon and Louisiade Isles only. 

Apart from the blue or green shade of the males, differences between most of 
the races are slight. O. p. urvillianus (figs. 63, 64) from the Solomons, bornemanni 
(fig. 62) from New Britain, poseidon (figs. 59-61) from New Guinea, hecuba (fig. 57) 
from the Key Islands and arruana (fig. 58) from the Aru Islands are probably 
indistinguishable in the male genitalia, if one allows for individual variation. 
O. p. richmondia (figs. 70, 71) from Queensland and New South Wales, however, 


‘stands more apart. This case is very instructive, and it is worth while to consider 


the Australian subspecies in some detail. 

The most southerly form, O. p. richmondia, occurs in various localities from the 
Clarence River, New South Wales, to Maryborough, Queensland (for Australian 
localities, see Waterhouse, 1932). The clasper of the male has a wide bevel which 
is subdivided near the apex of the clasper (figs. 70, 71). The harpe is very short 


and broad. O. p. richmondia is of relatively very small size. The black framing 
of the cell of the male hindwing on the underside is very thick. 


Farther north, from Mackay to Cooktown near the Queensland coast, O. p. 
ewphorion is found. It is much larger than O. p. richmondia but resembles it in 
the coloration, especially in the heavy black border of the cell on the underside 


of the male hindwing. The male genitalia (figs. 68, 69), however, resemble rather 


the New Guinea subspecies of O. priamus. The differences in these organs are so 
great that one is almost inclined to regard O. p. richmondia as a distinct species. 
In the coloration, however, O. p. ewphorion and richmondia resemble one another 


closely, and both are reminiscent of O. p. priamus of Ceram. 


The third area of O. priamus on the Australian mainland is the Cape York 
Peninsula as far south as Lloyd Bay (Claudie River). Here, O. p. pronomus occurs 
which, both in the coloration and the male genitalia, is very close to O. p. poseidon 
of New Guinea (figs. 66, 67, and 59-61). In size, however, it is inferior to 
O. p. euphorion. 

Thus, in the coloration, a break occurs between the northern and middle areas, 
whilst in the male genitalia the break lies between the middle and the southern 
area. Three facts seem to indicate that O. p. pronomus is a very recent immigrant, 
namely, (1) its greater morphological affinity to O. p. poseidon, (2) its size inferior 
to that of O. p. ewphorion, which may be due to a low degree of acclimatization, 


and (3) the distinct difference from O. p. ewphorion in spite of the very small geo- 


graphical gap between the areas of the two subspecies. 
A larger gap separates O. p. ewphorion from O. p. richmondia. Here, the 


difference in the male genitalia and in the size of the individuals is very considerable. 


I am not convinced that this points to a particularly long separation, but one has 
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to admit that O. p. richmondia is unlikely to have reached its present localities in 
very recent times. This indicates that O. p. richmondia may belong to an earlier 
wave of dispersal than does O. p. pronomus. 

The victoriz-species-group.—In this group the head of the male harpe is bent 
down, sometimes only slightly, and equipped with a ring-like arrangement of 
spines (figs. 54, 72-75). The basal hooks are large. In the male forewing the 
cell is very broad, whilst that of the hindwing is very long. Both wings are 
elongate and sometimes very slender. 

O. allotter Roths. (1914) from Bougainville, has been considered as a hybrid of 
O. victorie regis Roths. and O. p. urvillianus Guér. The male is indeed surprisingly 
intermediate in all its characters, but Rothschild (1917) already pointed out that 
the existence of two identical males disproves this theory. Moreover, the female, 
described by Peebles and Schmassmann (1917; Niepelt, 1916; Strand, 1916) is 
in coloration almost like that of O. p. poseidon and unlike either O. p. urvillianus 
or O. v. regis. The complete absence of red on the body distinguishes it readily 
from any subspecies of O. priamus. The genitalia of the male (holotype) are 
figured here (fig. 54); they are more like those of O. victoriw than of O. priamus. 
For this reason the species has been grouped with O. victorie, although in venation, 
wing-shape and coloration of the male, it is exactly intermediate between these two. 

O. alexandre, from the Kumusi River, north-east New Guinea, is in the male 
intermediate between O. allotte: and O. victorie in most characters except in the 
male genitalia (which are distinct) (fig. 75), and in the wholly yellow abdomen, 
the red spots on the thorax, and the less marginal position of the sex-brand, which 
are more as in O. priamus. The female also resembles that of O. priamus more 
than that of O. victorie. The occurrence of O. alexandre in north-east New Guinea 
and of O. allottei on Bougainville suggests that some other related species may one 
day be found on New Britain. 

In O. victorie the radial band of the male forewing is broken up into a basal 
and an apical portion. Correlated with this difference in the pattern is that of 
the male abdomen, which is more greyish-yellow than in the other species. 
O. victorie has only one large hook at the base of the harpe (figs. 72-74), whilst 
O. alexandre has two. 

O. victorie is the most eastern of all Ornithoptera and confined to the Solomon 
Islands. At the same time it is the most highly specialized species, but the 
geographically intermediate species like O. alexandre and O. allottec connect it 
morphologically with the priamus-group. 


Parr III. 
RECONSTRUCTION OF PHYLOGENETIC TREES FOR 7'roIDES AND RELATED GROUPS. 


In the reconstruction of the phylogenetic trees of T’roides and its allies, which 
will be attempted in the following paragraphs, two assumptions are made. The 
first is that, as a rule, new species evolve gradually as subspecies of some ancestral 
form. The second assumption is that a certain period of time is required for a 
form to develop into a species and to stabilize the specific characters. This period 
is here accepted as the unit of evolution and called a “ phylogenetic stage.” It 
represents a varying number of years, of course, but its duration is unimportant 
VOL. XXV.—PaRT 1. No. 5.—July, 1943. U 
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in the present context ; it will be discussed in Part V. It is necessary, however, 
to note (a) that a ‘“‘ phylogenetic stage ”’ is only the period required for the effective 
differentiation of a species from a minor form of the ancestral species, (b) that this. 
period is likely to vary in length with the groups concerned *, and (c) that once a 
form has reached the degree of differentiation called a species, it can either survive 
more of less unaltered for a considerable time thereafter or split up into new 
subspecies f. 

The latest phylogenetic stage (called Z) is that of the formation of the present-day 
geographical subspecies. The difficulties encountered by the systematist in 
separating many subspecies show that this process has by no means been completed 
and that we witness a comparatively early phase of this phylogenetic stage which 
ultimately will produce new species, as did the preceding phylogenetic stages. 
Most of the subspecies-groups described in Part II. developed from their ancestral 
species during this stage Z. 

Many species which were present at the beginning of Z constitute distinct 
species-groups, the evolution of which, as subspecies of some earlier common 
ancestor, comprises the phylogenetic stage Y which was, of course, of a much 
longer duration than the part of Z that has elapsed up to the present day. The 
ancestral species present at the beginning of Y in turn can be derived from a 
common ancestor from which they developed during a stage X, and so on, until 
the reconstruction leads back to a single common ancestor of all the groups and 
forms concerned. Each of the stages Y, X, W, V, U, comprises the period of 
formation of a species (interbreeding having become impossible), but Z only the 
period of differentiation of (sometimes badly defined) subspecies. 

It is obvious that this method will be comparatively reliable as far as Z and Y 
are concerned, but for the earlier stages it inevitably relies on a selection of diagnostic 
characters. Ifa larger number of such characters were used, the number of stages 
might conceivably have to be increased. The reconstruction, therefore, will result 
in not more than a minimum number of phylogenetic stages. It is remarkable, 
however, that the trees of T'roides+-T'rogonoptera and of Schenbergia +Ornithoptera 
both independently proved to require six stages. 

Phylogeny of Troides.—The following subspecies-groups have been included in 
Troides : haliphron, criton, vandepolli, helena, oblongomaculatus, cacus, rhadamantus, 
amphrysus, cuneifer, miranda, andromache. At the beginning of stage Z a single 
ancestral species may be assumed to have existed in place of every one of these 
subspecies-groups. Their probable location would, according to the usual practice, 
be indicated as a first approximation by the central area of the present distribution. 
This implies centrifugal spreading of the species, an assumption which may, or 
may not, be correct. Some species of 7'roides provide good examples for almost 
linear spreading in one direction. In assuming centrifugal spreading in such cases, 
a mistake is made which can only be corrected by applying geographical and 
geological data. Since it is intended to reconstruct the phylogenetic trees of 


* This cannot be shown in the phylogenetic diagrams (figs. 109, 113). The lines separating the 
stages Z, Y, X, ete., should be wavy, not straight. 

+ Example for the former case : 7’. darsius ; for the latter : 7’. helena, cerberus, hephzstus, neoris, 
ete., fig. 109. 
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Troides and its allies without regard to the history of the Archipelago, in order to see 
how far the results obtained agree with the geology of the area, no such corrections 
are made in this part of the paper. 


The haliphron-species-growp.—The subspecies of 7’. haliphron now occupy south 


‘Celebes and the Lesser Sunda Isles from Sumbawa and Sumba to Tenimber. In 
Celebes it appears to be restricted to the south-west, where it overlaps with the 


closely-related ih criton. Another overlap of two species of the same species-group 
is observed on Tenimber, in the extreme east of the distributional area of 7. hali- 


phron, with T. riedeli. The original area of 7’. haliphron, therefore, is likely to 


have been situated on one of the other islands, the largest of which are Sumbawa 


and Flores (inner Sunda chain), and Sumba and Timor (outer Sunda chain). Of 


these, Timor possesses 7’. h. plato, which stands somewhat apart from the other 
subspecies ; the main assemblage of haliphron-forms, therefore, must have originated 
on Sumbawa, Flores or Sumba. 


TROIDES TOTERA. 
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Fig. 109.—Reconstructed phylogenesis of Troides and Trogonoptera. See text, p. 140, 


The subspecies of 7’. criton are found on Halmaheira with Morty, Ternate and 
Batjan, and on Obi and in south Celebes. This distribution suggests that the 


‘species occurs in northern Celebes and possibly on the Sula Isles also, and that 


the absence of records is due to insufficient collecting. On geographical grounds 


-one would suppose that the centre of distribution is north and north-east Celebes, 
from where the species has spread to Halmaheira. 


7’. riedeli is a constant species found on the Tenimber Islands only. It closely 


resembles 7’. criton. The gap between 7’. criton and 7’. riedeli is remarkable, 
neither of them occurring on the Key Islands, Ceram or Buru. 


T. vandepolli is restricted to some localities in Java. In Sumatra the subspecies 


honrathiana is equally local. They appear to prefer the hills. Morphology and 


present distribution do not suggest one of these islands as the original home of 


the species. 
u2 
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T. darsius, finally, is restricted to Ceylon. 

Summarizing the distribution of the haliphron-species-group one notices that all 
its members occur on islands fringing “‘ Sundaland ”’ (the block of Sumatra, Malay 
Peninsula, Borneo and Java connected by a shallow sea) and that none of them 
is found on Sundaland proper. Even 7’. vandepolli clings to the marginal mountains 
of Sumatra and Java which continue into the lines of the Lesser Sunda Isles, on 
which 7’. haliphron and riedeli occur. Celebes and Halmaheira are occupied by 
this species-group, but not Borneo. The occurrence of 7’. darsius in Ceylon is a 
problem for which no satisfactory explanation can at present be given. 

The helena-species-group.—The subspecies of 7’. helena are found over a wide 
area from north-east India to Celebes and Sumbawa. It is a vigorous species. 
which adapts itself readily to various types of climate, as it is found in the 
equatorial rain-belt as well as in the seasonally dry regions of north-east India and 
Java. On the Asiatic continent it has spread to Orissa and Sikkim in the north- 
west, and Tonkin and Hainan in the north-east. It is absent from the Philippines, 
however, though it occurs in Borneo. This and the fact that all this area belongs. 
to one subspecies, 7’. h. cerberus, renders it probable that its spreading on the 
continent is a fairly recent process, and that it radiated from somewhere in the 
neighbourhood of the Malay Peninsula, 7. e., part of Sundaland. The assumption 
of a distributional centre of this kind would be in agreement with the distribution 
of the other subspecies of 7’. helena also. 

The subspecies of 7’. oblongomaculatus occur in New Guinea and on Ceram, Buru, 
Celebes and Saleyer, and on many smaller islands. In New Guinea only one 
widely-distributed subspecies has been distinguished, which is unlikely to be of 
great antiquity. In the west 7’. o. thestius overlaps with 7’. helena hephestus, but 
it is much rarer than the latter. From this distribution one might infer that the 
original home of 7’. oblongomaculatus has to be looked for in the southern Moluccas 
(Ceram, Buru), where it is the only Troides found. That it has been established 
here for some time is also suggested by the differentiation into two forms of 
T'. o. bouruensis (p. 126). 

The zacus-species-group.—The members of this group avoid Sundaland. Only 
T’. eacus thomsoni Bates has entered the Malay Peninsula. 

The subspecies of 7’. wacus occupy a very large area on the Asiatic continent. 
More precisely, it is 7’. wacus wacus Fldr. which has this wide distribution, from 
the western Himalayas through Tibet to north-west China, and southwards through 
Sikkim, Assam, Burma, Tonkin, south-west China to Siam and Cambodja. 7’. e. 
thomsoni Bates is the subspecies of the Malay Peninsula, whilst 7’. @. formosanus 
Roths. occurs on Formosa. These two subspecies occupy small geographical 
outposts on the southern and south-eastern edges of the area of the species. Thus,. 
it is probable that the original home of ancestral wacus was on the continent,. 
perhaps in Further India. 

T. minos Cr. is a species restricted to the rain-forest zone of south-west India. 
Though it is now widely separated from 7’. wacus, it is likely to be a side-branch 
of the w@acus-species-group (see p. 128) which reached southern India from the north.. 

T. rhadamantus Luc. represents the wacus-group on the Philippines (7’. rh.. 
rhadamantus), whence it has advanced southwards and produced two melanistic 
subspecies, 7’. rh. plateni Stgr. on Palawan, and 7. rh. dohertyi Ripp. on the Talaut 
Isles. Neither Borneo nor Celebes has been reached by the wacus-species group. 
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T. minos, eacus and rhadamantus are closely interrelated, and, with their homes 
at the beginning of the Z-stage located in south India, Further India and the 
Philippines respectively, supply a good example of a species- group the members 
of which are arranged like the subspecies of a modern species. The evolution of 
T’. minos, eacus and rhadamantus from their common ancestor took place during 
stage Y, and this ancestor must have lived on the Asiatic continent to the north 
of Sundaland rather than elsewhere. 

T. prattorum Talb. (Buru) and 7’. magellanus Fldr. (Philippines) are a pair of 
species which, though related to the wacus-group, deviate from it in several respects. 
Since they are specifically distinct and geographically widely separated, their 
common ancestor cannot be postulated to have lived later than the beginning of 
the Y-stage, and the common ancestor of this and the wacus-group in the restricted 
sense at the beginning of stage X. It agrees with this view that 7. magellanus 
now overlaps completely with 7’. rh. rhadamantus, both being restricted to the 
Philippines *. The isolated occurrence of 7’. prattorwm on Buru, almost 10 degrees 
farther south, remains a problem, but in any case it confirms that the differentiation 
of 7. magellanus and prattorum is earlier than stage Z. 

Summary of the distribution of the ancestors of the haliphron-, helena- and zacus- 
species-groups at the beginning of stage Z.—The probable distribution of the ancestral 
species before the evolution of the modern subspecies, 7. ¢., at the beginning of 
stage Z, thus appears to have been as shown in fig. 110 (7. prattorwm and magellanus 
omitted). Except for 7. rhadamantus and magellanus on the Philippines, no 
overlap need be assumed for the Z-ancestors. Pattern and genitalia prove that 
all the species concerned are more closely related to one another than to other 
T'roides. 

Distribution of the ancestral forms of the haliphron-, helena- and ezacus-species- 
groups at the beginning of stage Y.—Moreover, each of the three species-groups 
occupies a well-defined portion of the total area at the beginning of stage Z. The 
haliphron-group is confined to the peripheral mountain and island chains surrounding 
Sundaland. The helena-species-group occupies Sundaland proper with an outpost 
on Ceram-Buru, and the wacus-species-group Further India and the Philippines. 
Going back to the common ancestors of each of these species-groups (2. €., to the 
beginning of stage Y), it is reasonable to assume that these Y-ancestors lived 
somewhere in the areas just described. The common ancestor of 7’. magellanus 
and prattorum is more likely to have lived on the Philippines than on Buru. The 
distribution at the beginning of stage Y thus appears to have been as shown in 
fig. 111. 

ie X of the haliphron-, helena- and xacus-growps.—Four ancestral forms 
have to be assumed at the beginning of stage Y, Y-haliphron, Y-helena, Y-wacus 
and Y-magellanus. A further stage back one would expect to encounter the 
common ancestor of all these. Where this X-ancestor lived is impossible to 
deduct, but one is inclined to locate it in Further India, or at least in Sundaland, 
rather than on the marginal chains, since this is the only assemblage of T'roides 
which has a firm foothold on the continent of Asia (fig. 112). 

The evolution, therefore, of the groups contemplated so far can be explained 
by means of three phylogenetic stages. 


* 7. magellanus has been reported from “‘ Japan” (f. sonanit Matsumura, 1931), which probably 
means that it occurs on Formosa. 
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The amphrysus-species-group.—This group is geographically much more restricted 
than the previous ones. It is confined to Sundaland. There are no outposts 
outside this area, if one includes in it the mountains of Sumatra and Java, and the 
Mergui Archipelago off southern Tenasserim, which has just been reached by 
T’. amphrysus. 

The four subspecies-groups can be arranged in two pairs, (a) 7’. amphrysus and 
cuneifer, and (b) 7’. mirandus and andromache. 

T. amphrysus Cr. is the most widely distributed subspecies-group, being found 
in Borneo, Malay Peninsula, Sumatra and Java. It appears to prefer the lowlands. 
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Fig. 110.—Probable distribution of ancestral forms at the beginning of the Z-stage. Based on the 
evidence afforded by the modern distribution, irrespective of geologica\ facts. 


T. cuneifer Oberth. inhabits the mountains of Java, Sumatra and the Malay 
Peninsula and has not been found in Borneo; it is the nearest approach to an 
“* ecological” subspecies-group in T'roides. In Borneo 7’. amphrysus appears to 
inhabit the mountains as well. This might suggest that, at the beginning of 
stage Z, there was a Sundaland lowlands-form amphrysus, and a mountain- 
form cuneifer on the marginal chains of Sumatra and Java, which had developed 
during stage Y from their common ancestor. That this ancestor should be located 
in the south-western portion of Sundaland rather than in the north-east is probable, 
since the pair of 7'. mirandus and andromache is typical of the north-eastern area. 
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Fig. 112.—Probable distribution of ancestral forms at the beginning of the X-stage. See fig. 110. 
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T. mirandus Btlr. has been caught in a variety of places in British North Borneo, 
notably on Mt. Kinabalu. It also occurs in north-east Sumatra (Deli district) and 
west Sumatra (Kandy Ampat, Padang Beneden), with a distinct subspecies 
(7. m. neomiranda Fruhst.). TT. andromache Stgr. is known from Mt. Kinabalu 
and the subspecies marapokensis Fruhst. from Mt. Marapok, both in British North 
Borneo. Little can be suggested as to the geographical origin of these two species, 
but since both have split into subspecies, their common ancestor cannot have 
existed later than the beginning of the Y-stage. The Y-amphrysus and Y-mirandus 
would have sprung from their common ancestor at the beginning of stage X. 
Three stages, therefore, are required to reduce this group to a common ancestor 
which, the entire group now being restricted to Sundaland, is likely to have existed 
in the same area. 

At the beginning of stage X, therefore, an X-amphrysus would have populated 
Sundaland, whilst an X-ancestor of haliphron-helena-wacus may have lived in 
Further India (fig. 112). 

The haliphron-helena-cacus-assemblage on the one hand and the amphrysus- 
mirandus-assemblage on the other, have certain characters in common which 
distinguish them from the remaining group of T'roides, that of 7. hypolitus Cr. 
It is necessary to postulate a further stage (W) to arrive at the common ancestor 
of the two former groups. This ancestor was already differentiated from the 
contemporary ancestor of 7’. hypolitus. At least one further stage (V), therefore, 
is required to take us back to the common root of all T'oides. In this way five 
stages can be reconstructed from the first division of the ancestral line of T'roides 
to the present day. A sixth stage has to be added during which were evolved the 
characters common to all T'roides which distinguish them from Ornithoptera and 
Schenbergia (stage U). Finally, a seventh stage (if not several more) links this 
phylogenetic line with the ancestors of the Polydorus-type. 

The hypolitus-subspecies-group.—This group reveals its considerable phylogenetic 
age by the great constancy of its characters, in venation, pattern, coloration, and 
genitalia, which distinguish it from all other T'roides. It is at present distributed 
from Morty and Halmaheira to Buru, Ceram, and Saparoe in the south, and west- 
wards to the Sula Isles, the whole of Celebes, and the Talaut Isles. The subspecies 
are distinguished only slightly and bear the mark of comparatively recent . 
differentiation. 

The original home of this old species is unlikely to have been in Halmaheira or 
‘Ceram. If so, it would be difficult to understand why it did not spread to adjacent 
New Guinea, as so many other species have done (among the T'roides, JT’. oblongo- 
maculatus). This leaves Celebes as the more likely place. 

Summary of the early stages of Troides.—Very tentatively one may assume that 
at the beginning of stage X, three species of T'roides existed : X-wacus in Further 
India, X-amphrysus in Sundaland, and X-hypolitus in Celebes. At the beginning 
of stage W the first two would have been represented by a common ancestor 
located in Further India or Sundaland, whilst W-hypolitus may already have 
occupied Celebes. 

Viewing the phylogenesis of 7'roides from the earliest stages towards the present, 
it is possible to explain the present multiplicity of overlapping forms by five 
successive stages of species-formation, coupled with an extension of the occupied 
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area to the boundaries drawn by geography and climatic conditions. This does 
not apply to the east, however. The waves of dispersal seem to have emanated 
from Sundaland but, strangely enough, only the latest has penetrated eastwards as 
far as New Guinea (7’. 0. papuensis Wall.). This curious fact has to be considered 
in the light of the geological history of the region later on. 

Trogonoptera.—As shown in Part II., this isolated group has arisen from the 
Troides-stock, not from that of the green species of Schanbergia-Ornithoptera. In 
the male genitalia it resembles 7’. hypolitus, but the harpe is much more specialized 
than in this T'roides. In view of the great differences in the venation and pattern, 
‘one is inclined to place the phase of divergence of Trogonoptera from ancestral 
hypolitus as early as possible, which would be the W-stage. 

Trogonoptera is confined to Sundaland including Palawan. If one considers 
Trogonoptera as indigenous to this area, it is worth noticing that the most closely 
related Troides, T'. hypolitus, does not overlap with it but occupies the adjacent 
eastern area outside the block of Sundaland. Thus it appears as if two branches 
-of an ancestral stock developed divergently in two neighbouring areas. 

Scheenbergia and Ornithoptera.—The homogeneity of Troides on the one hand 
and of Schenbergia+Ornithoptera on the other renders it likely from the outset 
that they represent separate stocks, the common ancestor of which has to be 
sought for at an early phylogenetic stage. The analysis of Troides has suggested 
that the point of divergence of the two lines lies below the V-stage. The phylo- 
genetic analysis of Schenbergia and Ornithoptera will now be carried out without 
reference to the observations made on the T'roides-stock, in order to see whether 
the results obtained with one of the stocks are compatible with those obtained 
with the other. This will provide a test for the soundness of the phylogenetic 
‘deductions put forward in this part of the paper. 

The goliath-subspecies-group.—This group ranges from Ceram (subsp. procus 
Roths.) through Waigeu (subsp. goliath Oberth.), Onin Peninsula (subsp. atlas 
Roths.), the Arfak and Weyland mountains (subsp. samson Niep.), to north-eastern 
New Guinea (subsp. supremus Rob.), and British New Guinea, including Good- 
enough Island (subsp. titan Gr.-Sm.). The fact that it has split into several 
subspecies on the mainland of New Guinea suggests that it is not a recent immigrant 
there. Whether its original home was in New Guinea or Ceram cannot be decided 
on. the evidence at present available. The subspecies resemble one another suffi- 
ciently to indicate a fairly late stage of geographical differentiation, and in the 
absence of other suggestions they are here treated as products of the Z-stage. 

The tithonus-species-group.—This group is more complex than the preceding 
one and throws more light on phylogenesis. It comprises the two subspecies- 
groups of S. chimera Roths. and S. tithonus de Haan, and the single species, 
S. rothschildi Kenr. Their distribution has been detailed in Part II. (p. 135), so 
that it suffices to say that S. chimera inhabits, with three subspecies, eastern New 
Guinea (i. ¢., east of 135° lat.), whilst S. tithonus, with three subspecies, is found 
-on the western peninsulas of New Guinea (west of 135° lat.) and also on Waigeu 
and Misol. There is, apparently, a slight overlap of the two subspecies-groups to 
the south-east of Geelvink Bay. Assuming that the present subspecies developed 
during the Z-stage, S. chimera and S. tithonus appear to have developed as the 
eastern and western subspecies of a common ancestor during the Y-stage. 
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S. rothschildi is known from the Arfak Mountains only. Nothing definite can- 
be said about its phylogenesis and provenance, except that it morphologically 
resembles the tithonus-species-group, with which it is tentatively associated in the 
phylogenetic tree (fig. 113). 

At the beginning of the Y-stage the common ancestor of the tithonus-species-. 
group would have existed. Its connection with the goliath-group has to be sought 
for at least one further stage back (stage X). 

The paradisea-species-growp.—This group comprises S. paradisea and S. meri-. 
dionalis, each with two subspecies. The curiously shaped hindwings of the males. 
separate this group sharply from the other Schenbergia. The subspecies may be 
derived from single forms which existed at the beginning of the Z-stage. S. para- 
disea is found north of the central mountain range of New Guinea, and S. meridionalis 
south of it. They therefore appear to have developed as subspecies of a common 
ancestor during the Y-stage. Apart from the Arfak Mountains in western New 
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Fig. 113.—Reconstructed phylogenesis of Schenbergia and Ornithoptera. See text, pp. 140, 147. 


Guinea, the paradisea-species-group is entirely confined to the part of the island’ 
east of 135° lat., and this is probably its original home. 

Schaenbergia: Summary.—At the beginning of the X-stage the tithonus-group- 
appears to have separated from the goliath-group. At the beginning of the W-stage,. 
therefore, the existence of the common ancestor of all Schenbergia may be assumed. . 
All the modern species are confined to New Guinea and the subsidiary islands, with 
the exception of S. goliath procus (Ceram). This makes one inclined to regard 
New Guinea as the original home of the whole assemblage, though it is worth 
noting that S. goliath, the species which has preserved the largest number of primitive- 
characters, occurs also farther to the west. 

The priamus-species-group.—This group comprises the three species, O. cresus, 


priamus and esacus, of which the second has produced a very large number of 


geographical races and individual aberrations. O. crasus Wall. is found on Batjan,. 
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its subspecies lydius Fldr. on Halmaheira, and O. wsacus Ney on Obi. South and 
east of these islands lies the area of O. priamus L., which extends beyond New 
‘Guinea to the Solomon Isles. Its subspecies are differentiated to a varying degree, 
the outlying forms being more clearly separated from the bulk which, apart from 
individual variation, is remarkably homogeneous. This bulk comprises O. p. 
priamus L. (Ceram and Amboina), hecuba Réb. (Key Is.), arruana Fldr. (Aru Is.), 
poseidon Dbl. (including all forms described from New Guinea), pronomus Gray 
(a poseidon which has settled on Cape York Peninsula), bornemanni Pagenst. (New 
Britain), admiralitatis Roths. (Admiralty Is.), and urvillianus Guér. (New Hanover, 
New Ireland, Solomon Is.). In this group one observes, from west to east, a 
progressive shortening of the discal veins of the hindwing which, especially in 
‘O. p. bornemanni, results in an almost straight outer margin along which the 
concavities between the veins are more or less flattened out. All these forms 
resemble one another so closely that their evolution has to be attributed to the 
Z-stage. 

The question of the original home of this group of subspecies of O. priamus is 
important in connection with the origin of the whole species-group. Judging by 
the progressive specialization of the hindwing in an eastward direction, one is 
inclined to derive the group from the west rather than from the east. 

The eastern Australian subspecies O. p. euphorion Gray and O. p. richmondia 
‘Gray resemble in shape and coloration of the hindwing and in the absence of traces 
-of the cubital green band on the forewing O. p. priamus more than any other 
subspecies. Both differ in these characters considerably from O. p. pronomus, 
which is geographically their closest neighbour. O. p. euphorion and richmondia, 
therefore, appear to belong to an earlier stratum of dispersal of O. priamus into 
Australia. Whether this dispersal took place via New Guinea, or via the now 
submerged Arafura Sea and north-west Australia, cannot be decided. This early 
dispersal phase cannot be fitted into the Z-stage and is, therefore, relegated to the 
Y-stage. Since, however, it has not led to a clear specific differentiation (though 
nearly so in O. p. richmondia), the dispersal may have occurred somewhat later 
than at the beginning of the Y-stage as understood in other species-groups. 

A similar difficulty regarding the phase of separation exists with O. p. celestis 
Roths. from the Louisiades. It is in all essential points of wing-shape and colora- 
tion a small urvillianus, but the male genitalia are somewhat different (fig. 65). 
Nevertheless, it appears to be related to either O. p. poseidon or urvillianus with 
‘which it agrees in the tendency to reduction of the discal portion of the hindwing. 
In the phylogenetic tree, fig. 113, it has tentatively been considered as a Z-stage 
-side-branch of the priamus-poseidon-urvillianus-group, though it may have begun 
‘to differentiate at an earlier phase. 

O. wsacus Ney, though superficially resembling the subspecies of O. priamus, 
differs on close examination in remarkable characters. The male genitalia are 
unlike those of the priamus-subspecies-group, the teeth of the head of the harpe 
being arranged in the form of a ring instead of terminal CLOss-TOWS. In this 
feature O. wsacus is reminiscent of O. allottei, alexandre and victorie. The most 
interesting characters of O. wsacus are found in the venation of the male. The 
cell of the forewing is broader than in any form of O. priamus, and that of the 
hindwing is narrower and more elongate. Both features also occur in O. cresus 
x2 
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and, in a much exaggerated manner, in O. allotiei, victorie and alexandre. A 
progressive series of species, therefore, can be based on the shapes of the cells of 
fore- and hindwings, starting from the “normal” O. p. priamus of Ceram, via 
O. esacus of Obi and O. cresus of Batjan-Halmaheira, to O. allotter of Bougainville 
and O. victorie of the Solomon Isles. There is a great gap between the northern 
Moluccas and Bougainville which, according to our present knowledge, is not 
bridged by any form in New Guinea and which will be further discussed in Part IV. 

On the strength of the cell-shape alone, (1) O. cresus, (2) O. esacus and (3) the 
forms of O. priamus can be regarded as descendants from a common ancestor. 
O. cresus has, however, preserved a primitive feature in the great expanse of golden 
scales on the hindwing, which is absent in all other Ornithoptera. Its separation 
from the priamus-stock, therefore, appears to have taken place earlier than that 
of O. esacus. Since the formation of the subspecies of O. priamus, including the 
Australian forms, covers the Z- and Y-stages, the branching-off of O. w@sacus must 
be assigned at least to the X-stage, and that of O. cresus to the W-stage. 

The victorie-species-growp.—It has been mentioned that the widening of the 
cell of the male forewing and the lengthening of the cell of the hindwing in 
O. esacus connect this species with the species-group of O. victorie. In this 
group the cell of the forewing is at least half as wide as the forewing, and that of 
the hindwing may be as long as the abdomen. In addition, the male genitalia 
differ from those of the priamus-species-group, especially in the down-curved head 
of the harpe. O. allottec Roths. from Bougainville is in these characters as in the: 
pattern and coloration intermediate between O. victorie and O. esacus, but the 
male genitalia are more like those of O. victorie, for which reason O. allottei has been 
attached to the victorie-species-group. It is evident that O. allottei represents a 
more primitive stage than O. victorie which, though also occurring on Bougainville 
ranges much farther east on the Solomon Islands. One is inclined to think that 
the two developed from some common ancestor very similar to O. allottei during a 
phase when one or several of the eastern Solomons were comparatively isolated 
from Bougainville, O. allotte: on Bougainville changing but little and O. victorie 
being the product of the eastern Solomons. The present overlap on Bougainville 
would be due to a fairly recent spreading of the last-named species. Since 
O. victoria comprises several subspecies (stage Z), its separation from O. allottei 
must be assigned at least to the Y-stage. 

O. alexandre Roths. of eastern New Guinea deviates in both sexes less from the 
priamus-type than does O. victoria. It is, however, specifically quite distinct 
from O. allottei. In some characters it is more like O. victoriw, in others more like 
O. wsacus, or O. priamus. O. allottei, alexandre and victorie, therefore, are 
probably the descendants of a common ancestor which cannot have existed later 
than at the beginning of stage Y. 

The affinities of the victoriw-species-group with the priamus-species-group are of 
a remarkable kind. There is one species of the latter which approaches the former 
in its characters (O. esacus), and there is one species of the former which approaches. 
the latter in its characters (O. allottei). Geographically, the species are arranged 
in a progressive series, with specialization increasing towards the east : O. priamus 
on Ceram and cresus on Batjan-Halmaheira, wsacus on Obi; then follows the gap 
of most of New Guinea which has only recently been occupied by subspecies of 
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O. priamus ; thereafter, the series continues with O. allottei on Bougainville and 
alexandre in eastern New Guinea, and finally, the most highly specialized O. victorie 
on all the Solomon Isles. The separation of the victorie-species-group from the 
priamus-species-group cannot have occurred after the X-stage. 

Ornithoptera: Summary.—The phylogenesis of Ornithoptera is characterized by 
successive eastward dispersals from the region of Ceram, Obi (and Halmaheira). 
The earliest ancestral forms which can be reconstructed are W-priamus and 
W-cresus, presumably located on the southern and northern Moluccas respectively. 
The cresus-branch remained restricted to Batjan-Halmaheira, but the priamus- 
branch appears to have spread to Obi and eastwards to the Solomons, avoiding 
the main part of New Guinea, during the X-stage (lines of priamus, cesacus, allottei). 

The priamus-line spread during stage Y to Australia (southern branch) and to 
New Guinea (northern branch) where, during stage Z, subspecies were formed while 
the area was further extended to the Solomons and other islands. 

The allottei-line split into three forms during the Y-stage (allottei, alexandre, 
victorie) in the east, but O. victorie subsequently spread westwards again during 
the Z-stage. 

Conclusion.—In both Schenbergia and Ornithoptera four stages suffice to explain 
the phylogenesis of the existing forms. The common ancestor of these two groups 
would have lived at the beginning of the stage preceding these four, 7. e., stage V. 
The junction with Troides, therefore, would be at the beginning of stage U. This 
result agrees with the corresponding one obtained in the course of the analysis of 
Troides. In both cases it was found that the divergence of the two main stocks 
occurred six phylogenetic stages back. This agreement may be considered as an 
argument in favour of the method of phylogenetic analysis adopted in this paper. 

The phylogenetic trees reconstructed in the present part are based on morpho- 
logical characters only. The present distribution of the various forms has been 
taken into consideration. Certain problems, however, have arisen out of the 
strangely restricted distribution of some of the groups. Why, for instance, did 
the yellow Tvoides not spread to New Guinea until quite recently, and then with 
only a single subspecies ; why are the Lesser Sunda Isles between Ceram and Timor 
so poor in forms; why did Schenbergia and Ornithoptera not spread westward ; 
and why is Schenbergia chiefly restricted to New Guinea, whilst Ornithoptera 
developed mainly on the.Moluccas and the Solomons? It is probable from the 
outset that the geological history of the region has played an important part in 
modifying the distribution, so that its study is likely to suggest answers to the 
questions raised. 


Part IV. 


GroLtocgicaL History oF THE AUSTRALASIAN ARCHIPELAGO AND ITS BEARING 
ON THE DISPERSAL AND EVOLUTION OF 7J'ROIDES AND ITS ALLIES. 


In the preceding parts of this paper no reference has been made to the geology 
of the areas where 7'roides and its allies occur. In this way I have attempted to 
avoid the risk of conveniently adapting the phylogenetic trees to geological facts. 

Whilst the phylogenetic trees (figs. 109 and 113) are the outcome of purely 
morphological studies, the purpose of the present part is to see to what extent 


the geological history of the region provides an explanation for the degree of 
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relationship of the various groups and for their present distribution. In doing so 
it is best to proceed from the more recent times back to the more distant past *. 
Three main aspects have to be considered: (1) climatic changes, (2) oscillations of 
the sea-level, exposing or submerging land-bridges, and (3) tectonic movements, 
vertical or horizontal, which raised or depressed the geological units repeatedly 
and finally gave them their present shape and geographical position. 


(1) Climatic Changes. 

It is very difficult to gain an idea of how the climatic oscillations connected with 
the Ice-age of the temperate regions affected the climates of the tropical zone. 
The Pleistocene deposits of the temperate zone contain evidence of periodical drops 
in average temperature (during the glacial phases) and also of such changes in the 
seasonal distribution of temperature and precipitation. Although on theoretical 
grounds it is probable that any periodical oscillations which occurred in the 
‘climates of the tropical regions were somehow coupled with those in the temperate 
‘zone, it is as yet an entirely unfounded procedure to link phases, for instance, of a 
lower snow-line in the tropics ¢ with any glacial phases of the temperate zone. 
‘One can safely say, however, that both phenomena are of Pleistocene age. 

All that can be done at the moment is to consider the possibilities of Pleistocene 
‘climatic oscillations in the tropical zone, without attempting to correlate them in 
‘detail with those of the temperate zones. For meteorological reasons it is highly 
improbable that the equatorial belt of rains at all seasons was ever blotted out 
during the Pleistocene, but its width may have varied. This is an important 
possibility, since both in the north, in southern Tenasserim, and in the south, in 
Java and the Lesser Sunda Isles, the appearance of a dry season has a marked 
influence on the distribution of many species of insects (Setchell, 1930; Zeuner, 
1941 6). The three species of T'roides and Ornithoptera with a really wide distribu- 
tion (7'. helena, T. cacus, O. priamus), however, are found both in the equatorial 
rain-belt and the adjacent seasonally dry belts, so that at least these species appear 
to be little affected by this phenomenon. 

Another possibility is the periodical shifting of the entire equatorial belt with 
its adjacent seasonal zones away from the geographical equator. Wundt (1934, 
1937) and Milankovitch (1938) have postulated on theoretical grounds that the 
meteoric equator, at present situated at 2° 30’ to 3° North, should have changed 
its position. The last-named author found, as the result of calculations, that 
such displacement may sometimes have attained as much as 8 degrees of latitude. 
This would have brought into the zone of seasonal dryness districts which are 
now permanently moist, and vice versa, but it would not have removed from the 
tropical zone as a whole the main area of distribution of T’roides and its allies. 
Climatic changes of this kind, however, may have assisted 7’. darsius and T'. minos . 
in reaching Ceylon and southern India. 


* Geological periods concerned :— 
Quaternary.—(g) Holocene, (/') Pleistocene. 
Revaoue Beep : (e) Pliocene, (d) Miocene. 
“|. Paleogene or Eogene : (c) Oligocene, (b) Eocene, (a) Paleocene. 
+ In New Guinea, * the present snow-capped peaks are but remnants of what was once a much 
more extensive glaciation ”’ (Brouwer, 1925, p. 39). . 
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The question to what extent a lowering of temperature occurred in the tropical 
zone during the Pleistocene has not yet been answered. That a lowering occurred 
is likely but, again on general meteorological grounds, it is more probable that it 
remained within moderate limits than otherwise. Moreover, many species of 
Troides and its allies testify to the comparative insensibility of the group with 
regard to temperature. 7’. wacus occurs up to 8000 ft. in the mountains of 
north-west and south-west China, where the climate is continental and the winter 
certainly cold, and also at Rangoon and on the Mergui Islands, at sea-level only 
12 degrees north of the equator. One may argue that this species is particularly 
insensitive, but there are other instances, such as 9. paradisea and 8S. tithonus in 
New Guinea, found from near sea-level up to 6000 ft. (Angi Lakes). 

As a whole, therefore, the T'roides-group appears to be adaptable to a fair range 
of climatic conditions, so that in neglecting the (mostly unknown) climatic factor 
in the study of its history and distribution, the possible error thus introduced is 
not likely to be great. 

For geological periods earlier than the Pleistocene, in particular those previous 
to the late Tertiary (Neogene), a possible displacement of the rotational poles of 
the earth and, therefore, of the equator, might complicate the climatic picture. 
It has been shown by various workers, using geological evidence, that in the Miocene, 
for instance, the equatorial belt appears to have run from Sundaland across. 
Bengal, southern Arabia to Gambia in West Africa (K6ppen & Wegener, 1924). 
For the Eocene, the same authors reconstruct an equatorial zone extending from 
Sundaland to the northern Mediterranean and Spain *. For the present purpose 
it is important to note that even in the early Tertiary the Australasian Archipelago: 
would have been in the tropical zone +, so that the ancestors of the T'roides-group 
are likely always to have found genial conditions in the area under consideration. 

Most fortunately, the entire evolution of the Troides-group appears to have. 
occurred comparatively recently, during the late Tertiary and the Pleistocene, 
but in connection with other work on geographical distribution, especially of groups. 
which are phylogenetically older than T'roides, extreme caution is necessary. 


(2) Fluctuations of the Sea-level. 


During the several Pleistocene glaciations of the higher latitudes a considerable 
amount of water was withdrawn from the oceans, and returned to them in the 
interglacial phases and after the Last Glaciation. This phenomenon has been 
studied in recent years, and confirmative evidence has been found in the tropical 
zone also (Daly, 1934). Here the coral-reefs proved to be a valuable guide, since 
reef-building corals do not live above average sea-level and not below the depth 
of 40 m. In the Australasian Archipelago the reefs have been studied especially 
by Molengraaff (1930), who found that at some time during the Pleistocene the 
sea-level stood at least 70 m. lower than now. Umbgrove (1930) is inclined to. 
increase this figure to —90 m., and in other regions of the world, about —100 m. 


* This course of the equatorial zone is well illustrated by the Mortoniellus-group of the Tympano- 
phorinz (Orthoptera), which has been found in the Eocene amber of East Prussia and is now restricted 


to the Sunda Archipelago (Zeuner, 1936). 
} This may not apply to New Guinea, if Wegener’s theory of a drifting of Australia is correct. 


See p. 174. 
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Fig. 114.—Maximum amount of land-exposure during the Pleistocene phases of low sea-level (tectonic 
movements not considered), based on the 200 m.-depth-line. Compiled from various Dutch 


publications. 


Fig. 115.—Submergence of the Archipelago by 100 m., representing the probable maximum sub- 
mergence during the Pleistocene (tectonic movements not considered). There were phases of yet 
Compiled from various Dutch publications. (Blocks of 


higher sea-level during the Pliocene. 
figs. 114 and 115 kindly lent by the Royal Entomological Society of London.) 


SYSTEMATICS OF TROIDES AND ITS ALLIES. 155 


has been found for the sea-level during the Last Glaciation. For earlier glaciations 

-as much as —200 m. has been postulated by some workers. Since, in the 
Australasian Archipelago, the depth-lines of —100 and —200 m. are close together, 
‘the differences in the estimates are unimportant in the present context, and a 
‘sketch-map, fig. 114, of the depth-line of —200 m., which is the only one available 
for the whole archipelago, will show the land-areas which were exposed during the 
Pleistocene low-level phases (Zeuner, 1941 b). 

On the other hand it is known that, during certain interglacial phases, the 
“sea-level was higher than now. The upper limit for this Pleistocene submergence 
is about +100 m. (for discussion, see Zeuner, 1941 6), and a chart like fig. 115 
‘Shows the probable maximum limitation of land areas during certain phases of 
‘the Pleistocene. 

These two charts are instructive. It has been said above (p. 111) that, on the 
whole the Pleistocene can be regarded as the time when the present species de- 
veloped from ancestral subspecies, and that the late Pleistocene and the Holocene 
-(Post-glacial) saw the forming of the present geographical races (stages Y and Z). 

Considering the low-level phases (fig. 114) first, it becomes evident why the 
-area called Sundaland comprising the Malay Peninsula, Sumatra, Borneo, Palawan 
-and Java, plays such an important part in the faunal history of southern Asia. 
‘These islands formed a land-mass several times in the course of the Pleistocene, 
-and the low-lying now submerged central portion was occupied by a large river 
system which, though on a smaller scale, may adequately be compared with the 
Amazon system in its significance as a distributional centre for rain-forest forms *. 

The Wallace Line stands out clearly as the eastern border of Sundaland. Though 
‘the Philippines, Sulu Isles, Celebes and Lombok were, during the Pleistocene 
low-level phases, closer to Sundaland than now, the sea still separated them and 
-obstructed dispersal. Bali was joined to Java west of the Wallace Line. Lombok 
_and Sumbawa formed one island and, similarly, Komodo, Flores and the isles as 
far as Alor appear to have been one island. Timor, however, remained separate. 
“On this, as on the remaining islands, the increase of land was insignificant. In the 
-east the Australian shelf (‘‘ Sahul shelf ’’) was dry land. New Guinea and the 
Aru Islands were joined with Australia, the coast of which approached Timor to 
-within 75 miles. The islands of the outer Sunda chain (Sumba, Timor, Tenimber, 
Key, Ceram, Buru), as well as Halmaheira and Obi, remained separate from the 
land-mass of Australia-New Guinea. 

Little need be said about the formation of the modern subspecies of T'roides and its 
_allies, which developed while the sea-level rose after the Last Glaciation up to the 
present height. The low-level chart explains to some extent the distribution of 
‘the subspecies-groups and even of some species-groups. It is evident that the 
land-masses of Sundaland and Australia (this always including New Guinea) were 
-separated by an island zone in which dispersal was impaired even while the sea 


* Each time when the sea-level was high and the islands were separated, an opportunity was afforded 
for divergent evolution. Each time the sea-level was low, the low country was populated with newly 
.developed forms from the islands. This process has been continuing at least since the middle Tertiary, 
_and the extraordinary variety of closely-allied species, species-groups, and genera is the result, 

The regional character of the fauna was intensified by the barriers afforded by the sea to the west, 
-south, east, and north-east, and by high mountains to the north and north-west. 
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was lowest during the Pleistocene. Thus, the amphrysus-species-group and 
Trogonoptera are strictly confined to Sundaland, but they were able to spread to: 
all suitable parts of this area while the sea-level was still low, and subspecies have- 
begun to differentiate since Borneo, Java, Sumatra, and the Peninsula were severed 
by the rising sea-level after the Last Glaciation. In the halvphron-subspecies-group,,. 
the islands from Sumbawa to Alor are all inhabited by the subspecies nazas Doh.., 
but Wetter and Timor have developed distinct subspecies (socrates Stgr., and 
plato Wall.). Since no subspecific differentiation has yet taken place on Flores. 
and Alor, which were parts of one island in the late Pleistocene, the subspecies of 
T’. haliphron betray a somewhat greater age than Holocene and may date from the 
upper Pleistocene. The arrival from Flores of 7’. h. natas on Sumbawa, however, 
is likely to be a Holocene event, since in the Pleistocene low-level phases this. 
island was connected with Lombok, where 7’. h. naias does not occur. These 
examples may suffice to illustrate how the chart of the Pleistocene low sea-levels. 
suggests explanations for the distribution of the modern subspecies. 

This chart yields another piece of information. Even during the low sea-level 
phases of the Pleistocene, no land connection was established between Celebes and 
Sundaland, the Philippines and Sundaland, Lombok and Bali, Timor and Australia, 
the Moluccas and New Guinea. The permanence throughout the Pleistocene of 
the Wallace and Weber Lines is thus highly probable, and this explains their 
importance as faunal border-lines. 

Turning to the chart of high sea-level phases (fig. 115), one finds that at times. 
during the Pleistocene the known faunal border-lines were greatly intensified. 
The chains of the Sunda Isles practically ended with Wetter and Timor, and a 
very wide gap separated them from Australia and New Guinea. No T'roides has. 
ever been able to reach Australia by this route. A large portion of the western 
peninsula of New Guinea was submerged during the high sea-level phases. Faunal 
exchange between New Guinea and Ceram, Obi, or Halmaheira, must have been 
more difficult than at the present time. These islands have apparently never 
been connected with either New Guinea or Celebes by a direct land-bridge during 
the Pleistocene, and, consequently, they exhibit a large number of well-characterized 
subspecies-groups and species-groups. 

Palawan was periodically more isolated from both Borneo and the Philippines. 
than it is now and, in consequence, local forms developed (7. rh. platent, T'. trojana). 
The evolution of local races in the Malay Peninsula, Sumatra, Java and Borneo. 
was greatly favoured during the phases of high sea-level. The modern subspecies 
of, for instance, T'rogonoptera brookiana, Troides helena, T. amphrysus convey an 
idea of the degree of differentiation which has been attained since the latest phase. 
of high sea-level, that of the present time, began. 

New Guinea, west of 135° long., was almost an island by itself during the phases. 
of high sea-level, linked with the eastern portion of the island by an isthmus even 
narrower than that of the present day. The Onin Peninsula was reduced to two 
independent islands. This throws light on the great difference in the subspecies. 
and species of west and east New Guinea, as exemplified by S. tithonus (west) and 
S. chimera (east), and also on the subspecific distinction of the forms from the 
Onin Peninsula and the Arfak Mountains, such as S. goliath atlas Roths., from the 
Onin Peninsula and S. g. samson Niep., from the Arfak Mountains and the mountain 
chain connecting these with eastern New Guinea. 
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The instances given show that the present distribution of subspecies and species 
and their dispersal during the stages Z and Y presents no major difficulties, if the 
fluctuations of the sea-level in the course of the Pleistocene are taken into con- 
‘sideration. 

Previous to the beginning of the Y-stage, however, several distributional problems 
are implied in the phylogenetic trees, which cannot be explained by the present 
‘distribution of island-cores and land-masses and fluctuations of the sea-level alone. 


(3) Pre-Pleistocene History of the Archipelago (Tectonic Movements). 


Several summaries of the extensive work done chiefly by Dutch geologists have 
been published and, in order to shorten the following paragraphs, the publications 
by Brouwer (1925), Rutten (1927), and Blondel (1930) may be mentioned here as 
valuable sources of information on the stratigraphy and tectonic structure of the 
Archipelago. 

The study of the rocks of which the islands are composed has produced many 
facts which have a bearing on the history of the modern fauna of the Archipelago. 
The geological evidence with which we are concerned in the present context is 
threefold : (1) evidence supplied by marine facies of sedimentary deposits for the 
area having been submerged at certain times; (2) evidence supplied by uncon- 
formities between series of beds proving tectonic movements, mountain-building 
processes and subsequent sub-zrial denudation, meaning periods during which the 
area was above sea-level ; and (3) volcanic deposits. 

The stable blocks.—The chief geological distinction in the region is between 
‘consolidated blocks of considerable age and young mountain and island chains, 
most of which have been formed during the Tertiary and up to the present day. 
‘There are two consolidated blocks, that of Sundaland, including Further India, 
but exclusive of western Burma, extending to Borneo, Java, Sumatra and the Malay 
Peninsula, and comprising the submerged area between these, and the block of 
Australia, with the now submerged Sahul Shelf comprising the Aru Isles and parts 
of New Guinea. Though considerable portions of these blocks were at times, and 
are at present, covered by a shallow sea, they may be regarded as permanent 
land-areas if long periods of time are under consideration. It has amply been 
shown in the present paper that the block of Sundaland was the centre of dispersal 
for Troides and allies, and many other examples of large-scale dispersal of groups 
from either Sundaland or the Australian block will occur to the reader. 

Borneo.—For the present purpose it is unnecessary to relate details of the major 
portion of Sundaland, except for Borneo, which marks its eastern border. The 
Neogene deposits of eastern Borneo are marine ; the Straits of Macassar, therefore, 
existed at that period. In western Borneo the Tertiary is lacustrine or continental, 
and appears to comprise the Paleogene and the Neogene. This indicates the 
existence of dry land in the place of at least the Bornean portion of Sundaland in 
the Tertiary, and the resemblance of certain beds to deposits in French Indochina 
‘suggests to Blondel their continuity across the southern South China Sea. 

According to Dutch authorities the mountain-cores of Borneo were in existence 
in the upper Tertiary. The Tertiary land-area between Borneo, Indochina, and 
the Peninsula, therefore, must be visualized as vast low-lands in which rivers 
deposited their loads. Since the area is at present submerged, we have no evidence 
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of occasional inroads of the South China Sea into these low-lands, but it is conceiv-. 
able that they occurred from time to time. 

Thus, Borneo in the late Tertiary was a mountain outpost of Sundaland, 
connected by low-lying river-country with the Malay Peninsula and probably with 
Indochina also. Under such conditions Borneo must have tended to produce local. 
races or species. Of T'roides, the amphrysus-group appears to have originated 
in Sundaland as a side-branch of the helena-stock, Borneo playing an important 
part in the production of local races which, later, spread over a larger portion of 
Sundaland. 

The Sunda Chains.—The history of the unstable mountain and island chains. 
helps much in elucidating the evolution and dispersal of the T'roides-group, since 
they connect the two stable blocks. In the west and south of the region, there 
are two conspicuous chains, called the outer and inner Sunda chains. The outer 
chain begins with Simulur west of Sumatra, and continues through Nias and the 
Mentawi Isles to Engano. From here to Sumba it is replaced by a submarine 
ridge. From Sumba it runs through Rotti, Timor, Babber, Tenimber, Kei, Goram, 
Ceram to Buru, where it ends. This part is called the ‘“‘ outer Banda are.” The 
inner Sunda chain begins with the mountains of western Burma and continues. 
through the Andamans, Nicobars, mountains of west Sumatra, Java, Bali, Lombok, 
Sumbawa (from here on called the “inner Banda arc’’), Flores, Alor, Wetter, 
Dammer, Banda Isles (where it is curved back even more than the outer chain 
at Ceram) to the Lucipara Isles. 

Burma, Andamans and Nicobars.—In this northern part of the zone the outer: 
chain is absent, but the inner is represented by the Arakan range and the Andaman 
and Nicobar Islands. It consists chiefly of Paleogene and, in Burma, appears to- 
have been above sea-level during the Neogene and thereafter. This is indicated 
by the marine and brackish Neogene strata of the Irrawady valley which formed 
a gulf of the sea at that time, separating western Burma from the Shan States.. 
Since the Pliocene, however, terrestrial conditions have prevailed. The separation 
of western Burma (the Arakan range which links with the mountains of Assam), 
from the older land east of the Irrawady during the Neogene may have provided 
a distributional barrier. For T’voides it may have had some significance in pre- 
venting the earliest ancestral forms from reaching Bengal. 

Nias, Mentawi, Sumatra and Malay Peninsula.—Like the mountains of Tenas-. 
serim and the Shan States the Malay Peninsula is composed of pre-Tertiary rocks, 
and there is no evidence of the Peninsula having been submerged during the 
Tertiary (Scrivenor, 1931). The old rocks of the Peninsula continue to Bangka 
and Billiton. This alignment marks, perhaps, the boundary of ancient Sundaland 
better than does the island of Sumatra. j 

In Sumatra the low-lands facing the Straits of Malacca have to be distinguished. 
from the mountain ranges along the coast of the Indian Ocean. Apart from. 
Pleistocene, the low-lands are built up of Tertiary deposits which begin, in the early 
Paleogene, with a transgression of the sea over a pre-existing land. The later 
Paleogene consists of deposits of a deeper sea. The Neogene, too, is marine in 
its lower portion, but terrestrial and volcanic deposits appear towards the end of 
the Neogene, showing that it was not until this time that Sumatra was finally 
joined with the older portion of Sundaland. 


, 
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The mountain chain of Sumatra contains several cores of pre-Tertiary rocks, 
apart from many volcanic deposits of comparatively recent date. It shows signs 
of being composed of a double line of elevations. The first indications of its rise- 
above the level of the sea are observed in the early Neogene. It is very likely that 
large portions of the mountain range of Sumatra formed a row of islands in the 
Neogene sea. During the upper Tertiary, therefore, the island-row of primordial 
Sumatra was separated from the Peninsula by an arm of the sea much wider than 
the present Straits of Malacca. Zoogeographically it was more closely linked with 
the parts of Java and the Lesser Sunda Isles which were then in existence than with 
the Peninsula or Borneo. The last two, of course, would even under these conditions 
have remained the main suppliers of life to Sumatra, but dispersal must have 
been much restricted and a large number of endemisms must have developed on 
Sumatra at that time. 

This provides an explanation for the restriction of the haliphron-species-group to- 
the island chains and, in particular, of 7’. vandepolli to the mountains of Sumatra 
and Java. According to the evidence of recent distribution and specific differentia- 
tion, the haliphron-species-group had its centre of dispersal somewhere on the 
Sunda Isles. It is a branch of the haliphron-helena-wacus-assemblage of Troides-: 
and would have developed its characters in the late Tertiary, isolated on the island 
chain of Sumatra—Java. As the Lesser Sunda Isles became available for immigra- 
tion the group spread eastwards. JT’. vandepolli in Sumatra and Java is even 
now restricted to localities which may have been islands in the Neogene sea. From 
the present distribution alone one would infer that the original home of the 
haliphron-species-group was on one of the Lesser Sunda Isles, owing to the applica- 
tion of that unfortunate principle of centrifugal spreading (see p. 140), but geology 
enables us here to correct the mistake. 

The island chain of Nias—Mentawi has received little attention by geologists.. 
On Simulur, Nias and Tanahmasa (Batu Is.) Tertiary deposits dominate. The 
chain has the aspect of being later than the Sumatra chain, and the fauna, which is. 
composed chiefly of Sumatran elements that became differentiated during the 
Pleistocene and Holocene, supports this assumption. T'roides has reached these 
islands only recently, with the ubiquitous Sunda-species 7’. helena and amphrysus,. 
which have developed subspecies. 

Java, Bali and Lombok.—The backbone of Java is a row of active volcanoes, 
the deposits of which occupy vast areas. They are superimposed on marine 
Neogene which, however, also contains volcanic material. During the Neogene, 
Java appears to have consisted of a row of volcanic islands. Palseogene and pre- 
Tertiary rocks are found only at three isolated points which yielded but little 
information regarding the earlier history of the island. 

The Neogene deposits of Java were folded during the Pliocene. Rutten has used 
the thickness of the Pleistocene deposits in order to calculate the amount of 
denudation of the Neogene deposits since their emergence from the sea and thus 
to estimate the time required. He found about one million years, which figure 
confirms the Pliocene age of the folding process (see also Part V.). 

It is probable, therefore, that Java was below sea-level during the early Neogene, 
except for a string of volcanic islands. In the Pliocene folding processes fused 
these islands to form a larger unit, the modern island of Java. As a zoogeographical 


160 DR. F. E. ZEUNER ON THE 


centre, therefore, Java is more recent than Sumatra, and a land-connection with the . 
older portion of Sundaland may not have existed before the Pleistocene, during 

which period Java was repeatedly joined with the Sundaland block with a broad 

front (fig. 114). 

The row of volcanic islands which appears to have preceded modern Java and 
which continued the mountain ranges of Sumatra, would have afforded suitable 
centres for the development of endemic forms during the late Tertiary. Such 
elements of the Javanese fauna should be related to Sumatra rather than to © 
Borneo, whilst the Pleistocene immigrants could have come from Sumatra, Borneo, 
the Peninsula or other parts of Sundaland. 

The Troides of Java conform well with her geological history. 7. helena appears 
to be one of the Pleistocene immigrants which produced a subspecies bearing the 
mark of the seasonally dry climate. 7’. vandepolli is an earlier element, dating 
probably from the Pliocene phase of folding. 7’. amphrysus and cuneifer are an 
interesting pair. The former is the low-land species common to Java, Sumatra, 
the Malay Peninsula and Borneo. The latter is a mountain species which does not 
occur in Borneo. It may be supposed, therefore, that it developed from an ancestral 
amphrysus which reached the island chain of Sumatra—Java during the Pliocene 
and has since remained confined to the mountainous districts, whilst 7’. amphrysus 
itself is a Pleistocene immigrant which has begun to split into subspecies more 
recently. 

Bali and Lombok are composed almost exclusively of recent volcanic deposits 
and of Pleistocene. There are some Neogene beds exposed in the extreme south. 

The gap through which the Wallace Line passes may thus have been somewhat 
wider in the Neogene, and perhaps even later. : 

The Lesser Sunda Isles.—With Sumba the outer chain begins again. Near 
Sumatra the outer chain (Nias—Mentawi) is apparently younger than the inner, 
but the reverse seems to be the case from Sumba and Sumbawa eastwards, where 
the evidence shows clearly the outer chain to be the older. 

The inner chain here consists very largely of volcanic deposits, and active : 
volcanoes are found on every island except Sumbawa, Alor and Wetter, where : 
volcanism is now extinct, though it was active in the past. Some Neogene deposits 
occur on Sumbawa and Flores. It is difficult to say when these islands emerged 
from the sea. Pre-Neogene cores appear on Sumbawa, Flores (very few, teste 
Blondel), and especially on Wetter (Rutten, in Atlas trop. Ned. p. 24a). The axis 
of this chain apparently rises towards Wetter, where it is highest, and then sinks 
down to disappear. This need not mean that Wetter, for instance, is an older 
island than Flores, since differential upheaval is likely to have occurred. Brouwer 
(1925) states that the general upheaval of the islands in the eastern archipelago 
took place in the late Pliocene and Pleistocene. 

It is unlikely that any large islands existed along the inner chain during the 
Neogene, except towards the end of this period. In agreement with this, only 
one Troides occurs between Sumbawa and Dammer, 7’. haliphron, with several 
subspecies (see p. 156). It is in a stage of vigorous evolution and active spreading, 
and the close inter-relationship of its subspecies suggests that ancestral haliphron 
did not arrive in the Lesser Sunda Isles before the Y-stage. 

The outer chain of the Lesser Sunda Isles is not strictly the continuation of the 
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Nias—Engano row. The submarine ridge continues to a point south of western 
Sumbawa, where the trough, which separates it from the inner chain, opens into 
the deep ocean. This ridge reaches —1200 m. in its highest parts. It is much 
too low to have any significance for the distribution of terrestrial life. Near the 
eastern end of Sumbawa, the outer chain recommences with the isle of Sumba. 
Apart from the proximity of Sumba to Sumbawa and Flores, there is one further 
irregularity in the outer chain, the eastern part of Timor, Moa, Sermatta and 
Babber lying very close to the inner chain, as if pressed against the latter. That 
a horizontal movement displaced these islands of the outer chain and brought 
them close to the inner chain has been established by the Dutch geologists. Their 
chief arguments are the overthrust structure of Timor, the culmination of the axis 
of the outer chain in Timor, and the extinction of volcanism on Alor and Wetter. 
The horizontal pressure appears to be due to the relative approach of the Australian 
block which (as shown by the depth-line of —200 m. on fig. 114) has a bulge south 
of Timor which can be made responsible for the displacement observed. 

Timor.—On Timor pre-Tertiary formations are exposed over wide areas, and 
it has been found that the present island is the result of the fusion of two parallel 
islands which were still separate during the Neogene (Brouwer, 1925). The chief 
mountain-building phase occurred between the middle Tertiary and the Plio- 
Pleistocene. At some time during the Neogene, but previous to the Pliocene, 
Timor must have been above sea-level. During the Pliocene much of the island 
was again submerged and coral-reefs grew around the remaining parts. These 
reefs were lifted up in the later Pleistocene and Holocene, locally up to as much as 
1300 m. | . 

Unlike most other Lesser Sunda Isles, Timor has been at least partly above 
sea-level ever since the middle Neogene. Since at that time the greater part of 
the island chains west and north-east of Timor were submerged, however, faunal 
connection with Sundaland must have been almost impossible until the great 
Pleistocene uplift began. In consequence, the fauna of Timor consists largely of 
Australian elements which were able to cross the sea during the Neogene and have 
since developed into distinct species, of newer Australian elements which crossed 
the narrow arm of sea left during the Pleistocene low-level phases and have begun 
to develop local subspecies, and, thirdly, of Asiatic elements which reached the island 
in the Pleistocene or later and also have begun to develop local subspecies. It is 
worth while reading the chapter on Timor in Wallace’s ‘The Malay Archipelago’ 
in the light of the geological history of the island. 

Only one Troides is found in Timor, 7. h. plato, a fairly well characterized 
subspecies of 7’. haliphron. It belongs, of course, to the third faunal group as 
just defined. 

Tenimber.—The Tenimber Islands have developed on similar lines to Timor. 
There is also only one T’roides present, 7’. riedeli of the haliphron-species-group. 
Because of its geographical isolation it is regarded as a species. It is morpho- 
logically very close to both 7’. haliphron and T’. criton ; its immigration into Tenimber, 
therefore, may date from the same phase as that of 7’. h. plato to Timor, i. e., the 
Pleistocene. Except for 7’. oblongomaculatus on New Guinea, this is the eastern- 


most outpost reached by any T'roides. 
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The route and period of dispersal of the haliphron-species-group along the Sunda 
Isles is thus fairly easy to reconstruct. They appear to have split off from the 
ancestral stock during the late Neogene as a result of isolation on the developing 
island chains of Sumatra, Java and the Lesser Sunda Isles. The latter were 
colonized as they emerged from the sea during the Pleistocene, and thus Timor 
and Tenimber were reached. This dispersal is geologically comparatively recent, 
and in agreement with this, the entire specific and subspecific differentiation of 
the haliphron-species-group can be included in the Z- and Y-stages of phylogenesis. 

Inner chain from Dammer to Banda.—This part of the chain is entirely volcanic 
and very recent. 7’. haliphron has reached Dammer, and Banda Island has been 
invaded by 7’. oblongomaculatus from Ceram. Only minor subspecific differences 
have developed (stage Z). This is in keeping with the geological youthfulness of 
the area. 

Key and Aru Isles——The outer chain, turning north and then west, continues 
from Tenimber through the Key Islands to Ceram and Buru. O. p. hecuba of the 
poseidon-group of O. priamus occurs on the Key Islands, but no T'roides has been 
found. The neighbouring Aru Islands, which are part of the Sahul Shelf, are 
inhabited by the closely related O. p. arruana, so that the Key Islands probably 
received their population of O. priamus from there. Neogene marine deposits are 
known from the Key Islands, and their emergence appears to be comparatively 
recent. 

Ceram.—With Ceram one enters an area complicated both geologically and 
zoogeographically. It consists chiefly of pre-Tertiary rocks. The Paleogene and 
early Neogene deposits are strongly folded. A terrestrial period separates the 
early Neogene from the Pliocene Foefa-formation, which represents the trans- 
gression of a shallow sea over parts of the island. In the Pleistocene or even later, 
the Foefa deposits were lifted up to great heights. In general, therefore, the 
Tertiary of Ceram reveals a history similar to that of Timor. The island appears 
to have existed at least since the middle Neogene. 

Four species of the T'roides-group are found on Ceram (7'. oblongomaculatus, 
T. hypolitus, S. goliath procus, and O. priamus). This indicates that it has been 
less isolated than Timor. There is no indigenous species, but the distribution 
outside Ceram of the four forms present is very remarkable. Other races of 
T. oblongomaculatus occur in south-west Celebes, Buru, Banda and New Guinea, 
but not on the Sula Isles, Obi, Halmaheira in the north, nor on the Key and Aru 
Isles in the south. Races of 7’. hypolitus are found also on Buru, Halmaheira and 
Morty, the Sula Isles, Celebes and the Talaut Isles, but none has been recorded 
from Obi, Misol, Waigeu, and New Guinea. Other races of S. goliath, on the other 
hand, occur in New Guinea and Waigeu only, but on no other island of the area. 
O. priamus priamus, finally, is most closely related to the east Australian subspecies 
richmondia and euphorion, less closely to the races of the poseidon-group found in 
New Guinea, Key and Aru Isles, and still less closely to O. e@sacus on Obi and 
O. cresus on Batjan-Halmaheira. No member of this species-group is found on 
Buru. 

Thus, Ceram is a kind of meeting-place of species which arrived from different 
directions, the west (Celebes), the north (Halmaheira) and the east (New Guinea), 
but the absence of indigenous species and the fact that Ceram lies on the margin 
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-of the distributional areas of all the species concerned indicate that the immigration 
is not likely to be earlier than Pleistocene. 
An exception to this may be O. priamus, for a variety of reasons. Ceram, Obi 


-and Halmaheira are the homes of three different species of the priamus-species- 
group, which thus appears to have occupied the area since times earlier than the 


Pleistocene. Furthermore, as shown in Part III., the species of Ornithoptera and 
‘the subspecies of O. priamus are to be interpreted as the result of three successive 
waves of dispersal which entered the Australian region from the west. It is 
tempting, therefore, to regard Ceram as the ancestral home of O. priamus. The 
phylogenetic analysis has shown that the Z- and Y-stages suffice to explain the 
‘dispersal of all its races and that the differentiation of O. wsacus and O. cresus from 
the priamus-stock would have occupied the X- and Y-stages. These are almost 
certainly pre-Pleistocene, or more precisely, Pliocene. In other words, ancestral 
O. priamus would have been the first arrival on Ceram after the island had emerged 
from the sea previous to the Pleistocene. 

The strange fact remains, however, that Ceram, in spite of its central position 
‘in the Australasian Archipelago, is a peripheral locality for all the T'roides and 
allies found on it. The fact that, in particular, S. goliath and 7’. hypolitus “ avoid ” 
-one another elsewhere and yet are common to Ceram must have some reason. We 
‘shall have to return to this point after a discussion of the remainder of the Moluccas 
-and of New Guinea. 

Buru.—tThe history of Buru during the Tertiary and Pleistocene is similar to 
that of Ceram. Buru is usually regarded as the north-western end of the outer 
Sunda chain, but a narrow channel, nearly 5000 m. deep, separates it from Ceram. 
Brouwer explains this channel as a fissure which opened as the result of differential 
horizontal movements, so that the position of Buru relative to Ceram need not 
have been the same in the past as it is now. 

On Buru 7. oblongomaculatus is represented by one or two races (p. 126). 
T. hypolitus occurs with the same subspecies as on Ceram. ‘There is one indigenous 
‘species, 7’. prattorum, whose nearest relative is 7’. magellanus of the Philippines. 
This extraordinary case of distribution cannot be explained at present. The specific 
-differentiation of 7’. prattorum and magellanus need not be older than the Y-stage, 
which brings it back to the beginning of the Pleistocene or the late Pliocene. It 
is possible that some related form will one day be found on Celebes ; at the moment 
‘it is useless to speculate about how the ancestor of 7’. prattorwm reached Buru. 
‘The two other T'roides of Buru are Pleistocene or later arrivals, on the evidence of 
‘their minor differentiation. There are no Ornithoptera or Schenbergia on Buru. 

Celebes—Some geologists (Smit Sibinga, 1927) continue the two Sunda chains 
into the southern peninsulas of Celebes ; but, in view of the great gaps and breaks 
in the suggested alignments, these constructions have not met with general approval. 
‘Structurally, Celebes is very complicated. It is a composite island, the north arm 
being a young mountain range comparable to the island and mountain chains of 
the Sunda Isles, whilst the southern arms owe their shapes to gigantic faults of 
very recent age. The northern arm (Minahassa) is continued by the Sangir Islands 
to the inner ranges of the Philippines. The Philippine mountain ranges border 
Sundaland to the north-east, and one of these, still in the process of formation, 
-extends to Celebes. The middle portion of this chain (Sangir Islands, also called 
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Sangihe or Sangi), however, has not yet risen above sea-level to form a continuous: 
bridge suitable for faunal migration ; in spite of their geological affinity, therefore, 
the Philippines and Minahassa are zoogeographically different. 

The coast-lines of the southern and central portions of Celebes are in parts. 
formed by faults of post-Neogene age. The present shape of these areas is due 
to a very recent and not yet completed process of breaking-up into a number of 
blocks. 

The present shape of Celebes is thus the result of very recent tectonic move- 
ments. This does not mean, however, that the various parts of the island were 
submerged until recently ; on the contrary, a fair portion of the island may be the 
remainder of a fairly old land-block which has, in Pleistocene and recent times, 
begun to break into pieces. Unfortunately, the sequence of terrestrial and marine: 
phases in Celebes is still little known. The Paleogene was preceded by a terrestrial 
phase, which was too early to have played a part in the dispersal of T’roides. In 
at least one part of the island the marine Paleogene continues without interruption 
into the marine Neogene. Large parts of central Celebes and of the southern 
arm, however, possess little or no Tertiary deposits. From this it may be inferred 
that they have been dry land for a considerably longer time than other parts of 
the island, and it is here that one may expect to find a Neogene centre of dispersal 
for many forms of life, a centre which, on the evidence of the Recent fauna, must 
have existed on the island. 

The obscurity of the Tertiary history of Celebes introduces an element of great 
uncertainty into our analysis. It is increased by the scanty knowledge of the fauna,. 
especially of the south-eastern peninsula. The 7'roides known from Celebes come: 
either from the south (Macassar and surrounding country), or from Minahassa. 
In the south, 7’. h. haliphron, T. helena hephestus, T. criton celebensis Wall. and 
T. hypolitus cellularis Roths. are known to occur, and the small island of Saleyer, 
which is the direct continuation of south Celebes, has produced 7’. oblongomaculatus: 
thestius Stgr. On the Tukan Besi Islands, 7’. helena neoris Roths. is found, and on 
Buton, 7’. helena mopa Roths. Since these isles are an extension of the south-east 
peninsula of Celebes, it is more than likely that 7’. helena and T. oblongomaculatus: 
actually overlap on the main island. 

Another interesting overlap of two members of the same species-group is that 
of 7. criton and T.. haliphron in south Celebes. 

From northern Celebes (Minahassa) only 7’. hypolitus cellularis and T. helena 
hephestus are known. These two are frequent, but no other T’roides has been 
discovered on this peninsula which, as mentioned, differs geologically from the 
remainder of Celebes and has, perhaps, only recently been joined to central Celebes. 

Of the species of T'roides recorded from Celebes, none is restricted to the island, 
although parts of it are likely to have been above sea-level during the Neogene: 
and thus have afforded facilities for specific differentiation. If one considers the 
Celebesian species from this point of view, 7’. hypolitus and 7. criton have a fair: - 
chance of having developed on Celebes originally. 7. hypolitus is equally well 
established on Celebes as on the Sula Isles, Buru, Ceram and Halmaheira. It is 
possible, therefore, that it originated on Celebes and thence spread to the other 
islands mentioned. The same might apply, mutatis mutandis, to T. criton, but 
very few specimens are known from outside Halmaheira. This species appears to- 
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be altogether absent from Sula, Buru, Ceram and Obi and may, therefore, have 
‘spread to Halmaheira along the northern arm of Celebes rather than along the 
Sula Isles. Although it is merely a suggestion that 7’. hypolitus and criton developed 
on Celebes and thence spread eastwards during the Pleistocene, this seems certainly 
more plausible than the alternative assumption that these species originated in 
Halmaheira, since it would be impossible to suggest how they got there and how 
they managed to extend their area only southwards and westwards, but not into 
New Guinea. 

The Straits of Macassar are certainly a very efficient faunal barriers nevertheless, 
they have been crossed by T'roides several times. The latest invasion which came 
this way is that of 7’. helena in the Pleistocene, and probably late during this period. 
T. haliphron appears to have reached Celebes at about the same time from the 
Lesser Sunda Isles, using the numerous small islands between Sumbawa, Flores 
and south Celebes as stepping stones. The Straits of Macassar appear to have 
been crossed by an ancestral form of 7’. helena also in the early Pleistocene or late 
Pliocene (beginning of stage Y), and this form developed into the modern 
T. oblongomaculatus. This species does not occur in Sundaland or on the Lesser 
Sunda Isles, nor in Halmaheira. It is found on New Guinea, Ceram and Buru, 
and this distribution renders it highly probable that the species proceeded east- 
wards via Celebes. 

Sula Isles—These islands form a remarkably straight west-east line and contain 
a core of Mesozoic rocks. Hardly anything is known about their history during 
the Tertiary. They appear to be a continuation of the so-called eastern peninsula 
-of Celebes. Only 7’. hypolitus sulaensis Stgr. has so far been found on these isles. 

Philippines.—The Philippines constitute the north-eastern border of the Archi- 
pelago and are composed almost entirely of Neogene, Pleistocene, and modern 
voleanic deposits. Although geographically linking north Celebes with Formosa, 
the mountain ranges of the Philippines are much less clearly arranged than those 
of the Sunda Isles. This is probably due to the interference of the marginal 
system of folds (roughly running from north to south) with other folding-systems 
radiating from Borneo and marked by Palawan and the Sulu Isles. 

There are indications that small islands existed where the Philippines are 
‘situated now, previous to the Paleogene. During the Paleogene the sea extended 
over the area, but it was shallow. The early Neogene appears to have witnessed 
a folding of the early Tertiary deposits, but the sea once more invaded the area 
during the Neogene and apparently submerged it almost completely. As in the 

Sunda chains, the latest uplift took place from the end of the Neogene onwards. 
It is likely, therefore, that during most of the Neogene the Philippines were not a 
faunal centre of any significance and that, when their mountain chains began to 
-emerge from the sea in late Pliocene times, they received their fauna largely from 
south China via Formosa. 

Only the wacus-species-group is represented on the Philippines. This group is 
_absent from Borneo, but found on the Asiatic mainland, including south China and 
Formosa. This renders it the more probable that T’roides reached the Philippines 
via Formosa. The later arrival is 7’. rhadamantus, a close ally of the continental 

1. wacus, from which it separated at the beginning of the Y-stage, or roughly at 


the beginning of the Pleistocene. The second Philippine species, 7’. magellanus, 
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belongs to the same group, but must have separated from the wacus-stock at least. 
at the beginning of the X-stage, or in the late Pliocene. The phylogenetic antiquity 
of the two Philippine Troides thus is consistent with the geological history of the 
islands. 

Talaut Isles—Geographically, the Talaut Isles connect the eastern range of 
Mindanao (Philippines) with the north-west peninsula of Halmaheira. Unlike 
Mindanao, however, and unlike the parallel island chain of Sangir, they consist 
of old crystalline rocks, Mesozoic and some Tertiary and resemble Halmaheira in 
this respect. Smit Sibinga (1927) regards them genetically as a link of the island 
chain Halmaheira—Morty to Mindanao. It must be mentioned, however, that the 
remarkable zone of negative gravity-anomaly (Vening Meinesz, 1931, and Atlas. 
trop. Ned. p. 5), which borders the Sunda Isles on the outside as far as Ceram, 
continues between the Talaut Isles and Halmaheira, thus, perhaps, indicating geo- 
logical discontinuity rather than connection. 

The two species of J'roides of the Talaut Isles are outposts of 7’. rhadamantus- 
from the Philippines (7'. rh. doherty: Ripp.) and of 7’. hypolitus from north Celebes. 
The subspecies of 7’. hypolitus is cellularis Roths., which also occurs in north 
Celebes, whilst Morty and Halmaheira are inhabited by a different subspecies. 

Halmahewa and Obi.—Geologically speaking, Halmaheira belongs to the New 
Guinea zone fringing the Australian block to the north. It is separated from New 
Guinea by sea which is shallower than other inter-island seas of the archipelago. 
(see maps in Boden Kloss, 1929), though still deep enough to have formed a barrier 
during the Pleistocene *. Along the western edge, from Morty through north-west 
Halmaheira, Ternate to Batjan, active volcanism is observed everywhere, and this 
line forms, so to speak, the front of New Guinea in this area. The eastern portion 
of Halmaheira and the isles like Waigeu and Salawatti, which link it with the 
Arfak peninsula of New Guinea, show Tertiary and old, basic, crystalline rocks.. 
The Tertiary deposits of Halmaheira appear to have been little studied. 

Obi, south of Halmaheira, appears to resemble the Sula Isles more than Halma- 
heira. There is no volcanism, and, as in the Sula Isles, the Tertiary deposits are- 
little or not at all folded. Faunistically, Obi is closer to Halmaheira and New 
Guinea than to the Sula Islands. 

Misol has been regarded as the eastward continuation of the alignment Sula-Obi.. 

Halmaheira and the neighbouring isles are characterized by the presence of the 
priamus-species-group, O. cresus occurring on Halmaheira and Batjan, and 
O. esacus on Obi. Their differentiation has reached the specific stage and their: 
isolation has to be placed fairly early (beginning of W- and X-stages), certainly 
before the beginning of the Pleistocene. Yet they have not spread either west to- 
Celebes or to the Sula Isles, or south to Ceram, or east to New Guinea. 

The other species present are 7’. criton criton Fldr. and T'. hypolitus antiope Roths. 
They are both found west and south of Halmaheira but, strangely, have not extended 


* Boden Kloss uses the depth of the ocean to establish zoogeographical subregions. Since it does. 
not matter for terrestrial forms how deep the ocean is, provided it is below the 200 m. to be allowed - 
for Pleistocene oscillations of the sea-level, the depth alone cannot supply any boundaries. In applying 
this “‘ geographical” method to the Australasian archipelago, however, Boden Kloss implicitly uses. 
a geological method, the deep troughs of the sea of the Archipelago being important structural units.. 
In studying his maps, attention should be paid to the omission of certain islands on maps 1 and 2.. 
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‘ their range to New Guinea. Since their Halmaheira races differ little from those 
found to the west and south, they are likely to be comparatively recent immigrants 
from these directions. 

It is perhaps the most surprising feature in the distribution of Troides and its 
allies that T'roides proper (except 7’. oblongomaculatus) has not been able to advance 
farther east than Halmaheira, Obi and Ceram, whilst the eastern group of Orni- 
thoptera, though evidently established on Halmaheira and Obi since the late 
Tertiary, has only reached Ceram, although the present configuration of the island 

; groups would afford means of dispersal for strong-flying insects such as the bird- 

| wing butterflies. 

This fact appears in an even stranger light if one recalls that the second group 
of phylogenetically old forms of Ornithoptera is confined to the Solomon Isles and 

North-east New Guinea, whilst New Guinea itself is the native country of the 

Schaenbergia-groups. 

New Guinea.—The geology of New Guinea is relatively better known than that 
of the Moluccas. A summary is found in Sir Edgeworth David’s explanatory book 
accompanying a new geological map of Australia (1932), and the main structural 
features have recently been discussed by van Bemmelen (1939). 

The following structural zones of New Guinea, which are parallel with the main 
axis of the island, may be distinguished :— 

(1) In the south, from Frederik Hendrik Island to the mouth of the Fly River, 
a very flat ridge only a few metres high, of crystalline rocks with a thin cover of 
upper Neogene or Pleistocene. It continues westwards to the Aru Islands and 
was submerged during one or several of the Pleistocene phases of high-sea level. 
Geologically it is regarded as the slightly raised margin of the continental block 
of Australia. Whatever fauna it may have had previous to the Pleistocene was 
wiped out by the Pleistocene sea, and re-population took place both from the 
north and the south. 

(2) The southern half of the Arfak peninsula, Onin peninsula and the lowlands 
south of the great central ranges, occupied by the EHilanden, Digoel and Fly rivers, 
constitute a large depression which is still subsiding and being filled with detritus 
derived from the mountains in the north. Neogene deposits seem to underlie the 
Recent and Pleistocene deposits, since they appear on the surface as one approaches 
the mountains. This zone, too, was flooded repeatedly in the Pleistocene and cannot 
be regarded as a faunal centre. 

(3) The third zone consists of the great central mountain ranges, from the 
northern part of Arfak Peninsula (except its northern coast) through the “ neck,” 

‘ along the Snow Mountains to the south-eastern peninsula (again except the north 

coast). These ranges are young, marine lower Neogene having been lifted up to 

over 16,000 feet in the Carstenz Range in Dutch New Guinea. The great southern 
depression (2) appears to have been in open connection with the northern depression 

(4) during the Paleogene and earliest Neogene, forming a wide sea-basin between 

the Australian block in the south and—as supposed by van Bemmelen—land in 

the north (see zone (6)). In the early Neogene the central mountain range began 
to rise from the central zone of the combined sea-basin and has since continued to. 
increase in height and intensity of folding and thrusting. In this zone, therefore, 
land existed since the early Neogene, though for some considerable time in the 
a form of a narrow, mountainous island. 
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(4) The northern depression zone, from the Wapoga valley, through the Lake 
Plain (Rouffaer and Idenburg rivers) to the Sepik valley. This zone is narrower 
than (2), to which it corresponds in many respects. Its parts are of a low elevation 
(mostly below 100 m.) and may have been covered by the sea as late as in the 
Pliocene. 

(5) The Northern Divide Range, extending from the east coast of Geelvink Bay 
to the mouth of the Sepik river, and possibly continued by the Adalbert, Finisterre 
and Rawlinson ranges to Huon Peninsula. This zone was marine during the 
Paleogene and most of the Neogene. Towards the end of the Neogene it was 
raised by folding and thrusting. The presence of Pleistocene conglomerates and 
coral reefs, however, shows that, in parts, it sank once more below sea-level 
(Cheesman, 1938; van Bemmelen, 1939), and that its present elevation is chiefly 
the result of the late Pleistocene and Holocene uplift. As a centre of insect evolution 
it is unlikely to have played a great part before the latest Tertiary. Since then it 
may have supplied islands suitable for the evolution of species and subspecies from 
-an original stock derived from the zone of the Central Range. 

(6) The north coast zone. On the Arfak Peninsula, this narrow zone is volcanic 
and of Neogene and Pleistocene age. A similar volcanic belt accompanies the 
-coast of the Mandated Territory from Kairiru Island to New Britain. Between 
Arfak and Kairiru, however, the volcanic zone is interrupted. On Japen Island, 
and in the Cyclops and Bougainville ranges, crystalline schists are found which 
van Bemmelen claims to be remnants of a Melanesian land-mass which is supposed 
‘to have existed to the north of New Guinea. Such schists, however, also occur 
in the Northern Divide Range and the Central Range, as well as on Ceram, Buru 
and other isles, and since this land-mass would have disappeared during the 
Neogene. whilst a row of volcanoes formed an island chain near the north coast 
-during the Paleogene and early Neogene, there is no need for the present purpose 
to assume the existence of a land-mass in the north. 


The existence of an early Tertiary volcanic range north of the coast of New Guinea _ 


is proved by the occurrence of conglomerates and volcanic material in the Paleogene 
and early Neogene deposits. These materials decrease in size in a southward 
direction (Zwierzycki, 1924). 

This range, or island row, being of greater age than the Northern Divide Range, 
may have played an important part in the early phases of dispersal of Ornithoptera. 
It lasted well into the Neogene, being largely of Oligocene and up to middle Miocene 
age (David, 1932). Near the mouth of the Sepik river, conglomerates separate 
the lower from the upper Miocene. This is the latest available evidence of land in 
the neighbourhood of this zone. 

New Guinea, geological summary and history of Schcenbergia.—Two essential 
points emerge from this geological review of New Guinea, (a) that the Central 
Range rose in the early Neogene and has since been a land-area, probably 
for most of the time forming a narrow and long island, and (b) that up to the 
middle Miocene a volcanic chain existed near the north coast of New Guinea. 

It has been shown in Part III. that Schenbergia is a group indigenous to New 
‘Guinea and, viewed in the light of geology, there is no objection to the assumption 
that the Central Range is its ancestral home. It cannot have existed there before 
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the early Neogene, but at any time thereafter. The existence, south of the Central 
Range, of a sea-barrier up to the Pleistocene explains why Schenbergia has not- 
spread to the Australian mainland. 

The splitting into several species-groups of Schanbergia proves that it is old- 
established on New Guinea. This does not apply to Ornithoptera, however, but 
the curious distribution of its species-groups may, at first sight, find a solution 
with the aid of the early Neogene volcanic range of zone (6). The volcanic range, 
or island row, would have bridged the gap between Halmaheira and the Solomons. 
Assuming for the moment that such connection did enable the early Ornithoptera 
to spread from Obi or Halmaheira to the Solomons, the arrangement of the ancestral 
forms would look extremely reasonable: the northern chain (the volcanic row) 
would have been occupied by ancestral Ornithoptera, and the southern chain (the 
Central Range island) by ancestral Schenbergia. 

On closer examination, difficulties become apparent. The northern volcanic 
chain is early Neogene in its middle portion, but late Neogene and Pleistocene in 
its eastern and western parts. A tolerably continuous chain suitable for dispersal 
of butterflies, therefore, may never have existed at any one time. Furthermore, 
the middle portion of this chain disappeared during the middle Miocene, and yet 
the morphological differentiation of the western species-group of ©. priamus from 
the eastern one of O. victorie (including the transitional O. allottei) is so slight that 
one hesitates to consider their separation as early as the Middle Miocene. 

Solomon Islands.—Little is known about the geology of the Solomon Islands. 
Lever (1937) gave a valuable summary, partly relying on the pioneer-work of 
Guppy. Buka and Bougainville were studied by Sapper (1910); a more recent 
contribution is by Mawson & Chapman (1935). One point that emerges from the 
observations recorded is that considerable denudation has taken place on several 
of the larger islands (Guadalcanar, Florida, Malaita, San Cristobal) and has exposed 
gabbro, diorite and other intrusive rocks which were formed under a thick cover 
of other rocks. The removal of the cover must have taken some time, and it is 
likely that some of the islands are much older than Pleistocene. During the 
Pleistocene and later, several phases of uplift have been recognized. It is con- 
ceivable, therefore, that the victoriw-species-group occupied the islands in the 
Neogene. 


The Phylogenesis of the Troides-group in the Light of the Geological History 
of the Australasian Archipelago. 


(Summary.) 


Phylogenetic summaries have been given for T'roides (p. 140), T'rogonoptera 
(p. 147), Schenbergia (p. 147) and Ornithoptera (p. 148), and the phylogenetic 
trees, figs. 109 and 113, will aid the reader in tracing the various lineages. 
In these trees geological periods have been given as roughly corresponding to 
certain phylogenetic stages. This is not intended to be a precise correlation, but 
merely to supply the approximate age of the phylogenetic phases as estimated on 
the basis of European evidence (see Part I.). The Z-stage covers the Holocene 
and, in many cases the upper Pleistocene also. The Y-stage (the last complete 
cycle of species-formation) covers largely the Pleistocene, in some cases beginning 
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during the Pleistocene and lasting to the Present, in others beginning in the late 
Pliocene and extending through the major part of the Pleistocene, in yet others 
beginning and ending in the Pleistocene. In the Australasian Archipelago the 
stratigraphical divisions are much vaguer than in Europe, and it is impossible in 
most cases to determine the duration of the Y-stage, except in those few instances 
provided by the haliphron-group in which the time when the occupied islands rose 
above sea-level is known. Here, as in Europe, everything points to the Y-stage 
roughly corresponding to the Pleistocene. This being so, all the earlier stages, 
X, W, V, and U, must be Tertiary. The X-stage is late Pliocene and, for reasons 
to be given in Part V., the others are likely to be of Pliocene age also. Only the 
earliest stages have a chance of being as old as upper Miocene. 

The question may be raised whether one is at all justified in distinguishing these 
stages and, implicitly, assuming that whole series of independent lineages more or 
less simultaneously passed through certain stages of species-formation. A priori 
it is certainly much more likely that the lineages developed independently 
at varying rates, and that there is not the slightest uniformity to be expected. 
If, however, one surveys the fauna of an area which has been subjected to climatic 
or geological changes in the more recent past, one will notice that a comparatively 
large number of forms do comply with the stage-principle as applied here to the 
Troides-group of the Australasian Archipelago, the obvious reason being that the 
changes mentioned afforded, at certain times, new chances for dispersal or new 
ecological conditions favouring the evolution of new forms. Since this applies to 
the fauna as a whole, it is only natural that many lineages passed through the 
same phylogenetic stages at approximately the same time. In regions where 
these factors did not play an important part, or with species which would withdraw 
from the area as conditions change, the stage-principle would evidently not apply. 

Returning to the T'roides-group, it is safe, therefore, to assume that at some time 
during the Neogene, ancestral T'roides became differentiated from Polydorus in 
Sundaland and was able to reach the rising island chains of the New Guinea area. 
Since many of the modern islands lying between Sundaland and New Guinea did 
not then exist, it remains a problem how this dispersal was effected. One can 
only state the fact that, in the U-stage, two groups or even two single species 
existed, one in Sundaland (ancestral Toides), and one in the New Guinea area 
(ancestral Schaenbergia—Ornithoptera). ; 

The further evolution of T'roides+-Trogonoptera remained centred in Sundaland, 
whence successive waves of dispersal spread over the peripheral islands. The 
earliest differentation appears to have produced an ancestral V-helena and a 
V-hypolitus, the former almost certainly in the west, the latter in the east of 
Sundaland. Ancestral hypolitus must have reached Celebes at an early time, and 
it may be that the divergence of the T'rogonoptera lineage from that of 7’. hypolitus 
was due to the subsequent isolation of the latter on Celebes, whilst the former 
evolved its peculiar characters somewhere in the Borneo area. Both T'rogonoptera 
and 7’. hypolitus now exhibit signs of having passed their phases of vigorous evolu- 
tion (as to Trogonoptera, see Corbet, 1933, and Corbet & Pendlebury, 1934). 

In the W-stage, the helena-branch once more split into a western and an eastern 
Sundaland form. The eastern form evolved, probably on Borneo, into the ancestors 
of the amphrysus-species-group. The western branch of the W-helena split into 
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not less than four lineages during the X-stage. At the same time, considerable 
splitting occurred in the Schanbergia—Ornithoptera-stock. Geologically, the X-stage 
corresponds to the latest Pliocene, a time of general uplift in the entire archipelago, 
which enlarged existing islands and created new ones. It is evident that, in 
connection with these geological events, the four branches of the helena-stock 
proceeded to populate four parts of the available area. One became established 
on the southern Sunda chains and evolved into X-haliphron, a second continued 
to live in Sundaland (X-helena), the third spread into the mountains of Further 
India (X-cacus) and the fourth, really a side-branch of the third, reached the 
Philippines, probably via south China (X-magellanus). At this stage Troides was 
a genus with three species, of which one (X-helena) comprised four geographical 
subspecies, with the distribution just described, the second two subspecies 
({X-amphrysus), whilst the third was apparently a simple species (X-hypolitus) *. 

In the course of the Y-stage (roughly the Pleistocene) all these groups produced 
geographical races which have since become species. This process was influenced 
by the repeated changes of sea-level as described on pp. 153-157. The area occupied 
by the genus was extended eastwards by the haliphron-group. Furthermore, 
‘Celebes and other isles further east were invaded by an early Pleistocene form of 
T'. helena which differentiated into the modern 7’. oblongomaculatus. It is tempting 
to assign this dispersal to one of the early Pleistocene phases of low sea-level. 
‘The same process was repeated in the late Pleistocene (probably the last phase of 
low sea-level), when 7’. helena once more reached Celebes, where it has since 
developed into the subspecies 7’. h. hephestus. At the same late period, 7’. oblongo- 
maculatus would have expanded its area to New Guinea. The other noteworthy 
Z-stage dispersal is that of 7’. criton and T'. hypolitus to the northern Moluccas. 

In the west and north a member of the haliphron-species-group reached Ceylon 
during the Pleistocene (7’. darsius), and an ancestral wacus extended its area to 
‘south-west India, where it became 7’. minos. The late Pleistocene and Holocene 
period of formation of geographical races (Z-stage) resulted in the distribution of 
the various forms as observed at present. 

The history of Schenbergia and Ornithoptera is, in some respects, less complex 
than that of Troides, though more obscure in certain details. It has been said 
above that it remains a problem how this branch of the bird-wing butterflies 
reached the New Guinea area. Its two main groups, Schenbergia and Ornithoptera, 
must have separated early (V-stage), and this differentiation appears to have been 
the consequence of the occupation of two parallel island rows. The northern 
island chain, from the northern Moluccas to the Solomons, became the home of 
Ornithoptera, and the southern chain, that of the Central Range of New Guinea, 
became the home of Schaenbergia. The latter group remained New Guinean, and 
its splitting into species-groups, species and subspecies is probably due to temporary 
isolation on islands now incorporated in the Central Range, or on mountain ranges. 
It may also be recalled that the western peninsulas of New Guinea have always 
been more or less isolated from the eastern portion of the island. The process of 
splitting of Schcenbergia cannot be reconstructed in detail, except for certain minor 


* In this reconstruction of the phylogenesis no allowance can be made for forms which may have 
developed at certain stages but have since become extinct. 
vou. XxXv.—PART mI. No. 9.—July, 1943. QA 
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points (S. chimera-tithonus, p. 148, S. paradisea—meridionalis, p. 148), but it presents: 
no major problems. 

The Ornithoptera-group is more difficult. It clearly spread from the northern 
Moluccas (Halmaheira and possibly Ceram), where it developed during the V- and 
W-stages. In the X-stage (latest Pliocene) an opportunity appears to have 
afforded itself to advance east to the Solomons, avoiding the Central Range of 
New Guinea. The Neogene chain of volcanoes which existed to the north of New 
Guinea disappeared in the middle Miocene. If one assumes that Ornithoptera 
used this chain to reach the Solomons, one has to consider Ornithoptera as old as 
Miocene. Alternatively, one has to suggest that the chain of volcanic islands. 
persisted longer than we are told by the geological evidence. In either case the 
evidence would have to be stretched so as to suit one’s preconceived ideas. 

The Pleistocene and Holocene dispersal phases of Ornithoptera are easily recon- 
structed (p. 149) 

Apart from the question of the dispersal to the Solomon Islands, a second 
problem stands out. Ornithoptera appears to have been indigenous to the northern 
Moluccas since the W-stage, well within the Pliocene. Yet no form has extended 
its area westwards. The same applies to Schenbergia, which has not spread west- 
wards from New Guinea, with the exception of 8. goliath procus, which has reached 
Ceram in comparatively recent times. This problem is identical with that of the 
virtual non-dispersal of Troides to New Guinea. Even the northern Moluccas. 
were not reached by T'roides before the Pleistocene. The present or Pleistocene 
distribution of land and sea cannot be used to supply a solution for either of these 
two problems. 


The Theory of Continental Drift. 


Several theories have been provided by various geological schools, which attempt 
to synthesize the phenomena observed in the Australasian Archipelago. Their 
differences are of little importance in this context, except in one respect, viz., the 
amount of horizontal movement assigned by them to the crustal units concerned. 

Most modern theories admit that, quite apart from the vertical movement 
connected with the rise of mountain and island chains, great horizontal displace- 
ments have occurred in the Archipelago. If one imagines the intense folds and 
overthrusts observed in, for instance, New Guinea or Timor to be flattened out to: 
their original undisturbed state, it becomes apparent that considerable compression, 
and this means lateral displacement of matter, has taken place during the upper 
Tertiary and the Pleistocene. 

Some theories explain these movements as the results of large-scale changes in 
the constitution of, and movements in, the magma at great depths. These theories. 
work with the minimum amount of horizontal displacement and, in consequence, 
their protagonists need not assume that the relative positions of the Sundaland 
and Australian blocks in the Tertiary were substantially different from what they 
are to-day. It need hardly be said that for this reason theories of this kind do not 
provide a solution for the problems involved in the distribution of T'roides and 
its allies. 

The other extreme is the theory of continental drift, which assumes very con- — 
siderable horizontal movements of parts of the earth’s crust. The continental 
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blocks consist of comparatively light and rigid material called Sial and drift in the 
Sima, a somewhat heavier material which underlies the continental blocks and 
rises almost to the surface at the bottom of the large oceans. The instability of 
the continental blocks is due to their unbalanced arrangement relative to the 
rotational poles and the equator, and centrifugal forces compel the blocks of Sial 
‘to drift in the Sima. 

According to this theory, the Australian block has been drifting northwards 
‘during and since the Tertiary. The theory was applied to the Australasian Archi- 
pelago for the first time by Wegener (latest editions, 1924, 1937), then by Smit 
Sibinga (1927) and du Toit (1937). The conceptions of these workers differ in 
‘details, but they agree in the following important points :— 

In the course of the Tertiary and the Pleistocene, the Australian Block has 
moved north and, with its frontal portion, New Guinea, entered into and interfered 
with the island chains emanating from Sundaland. In the past, therefore, New 
‘Guinea occupied a more southerly latitude than the northern Moluccas, and the 
incurving of the island chains around the Banda Sea is the result of New Guinea 
having been pushed into this alignment. The most obvious evidence for this 
movement is to be found on and around Timor (see pp. 160-161). 

Whether one admits the major movements of Australia from the far south or not, 
a withdrawal of New Guinea out of the island chains towards the south (more 
accurately south-east, see du Toit, 1937, p. 190, and Wegener, 1937, p. 86), so that 
the Arfak Peninsula would lie approximately where now the centre of New Guinea 
is situated, would suffice to straighten out the disturbed island chains and bring the 
northern Moluccas near to the Solomons. The evidence contained in the strata 
shows that the latest movements resulting in compression are Neogene, with a 
very pronounced phase at the end of the Pliocene, and less intense movements 
lasting into the Pleistocene. The advance of New Guinea to its present position, 
therefore, may have been as late as this, and late enough for the Ornithoptera-group 
to have reached the Solomons before the island chain Moluccas—Solomons was 
broken. Furthermore, the northern Moluccas would have occupied a position 
farther east until the end of the Pliocene, and this would solve the second problem, 
namely, the late arrival of T’roides in the northern Moluccas and their early occupa- 
tion by Ornithoptera instead. 

The amount of horizontal displacement involved in this hypothetical movement 
-of the Australian Block is smaller than that of the displacement of Peninsular India 
in the course of the formation of the Himalayas and the Central Asiatic mountains. 
Here, 3000 km. have been calculated for the crustal shortening produced and, 
consequently, for the horizontal displacement of the Indian Block. The displace- 
ment of New Guinea need not have exceeded 1200 km., in order to explain the 
Neogene and Pleistocene disturbances created in the Australasian Archipelago. 

One seems to be justified, therefore, in invoking a moderate version of the 
theory of continental drift in order to explain the dispersal of the T'roides-group 
and, probably, of a good many other groups also. 


bw 
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Part V. 
Tue Time Factor In EVOLUTION. 


Reasons have been given in Parts I. and IV. for relegating, approximately, the 
Z-stage of subspecies-formation to the late Pleistocene and Holocene, and the 
Y-stage of species-formation to the Pleistocene, possibly beginning with the final 
stages of the Pliocene. The stages X, W, V and U, therefore, must be of Ter- 
tiary age. ; 

The approximate duration of the Holocene as well as of the Pleistocene is known 
(for details, Zeuner, 1943 6). The Holocene, where it can be separated from the: 
late Pleistocene, is a very short period. It comprises about 10-20,000 years, 
according to where one draws the boundary line between the Holocene and the 
Pleistocene. This figure has been ascertained by several geological methods. 

The length of the Pleistocene has been estimated independently (a) by means. 
of radioactive minerals, (b) by means of sedimentary processes (like that employed 
by Rutten in Java, see p. 159), and (c) by means of a correlation of the climatic 
fluctuations of the European Ice-age with certain astronomical data (for summary, 
Zeuner, 1935). All three methods have arrived at about one million years, and 
the last two methods indicate that this figure would include that still obscure 
period of transition from the Pliocene to the Pleistocene. 

The evidence relating to the formation of species in the Pleistocene of Europe 
covers, in some cases, part of this transitional period. In other cases the ancestral 
form still existed in the early Pleistocene. One will be fairly close to the mark, 
therefore, if one accepts a period of 500,000 to one million years as the time required 
for the evolution of a “‘ good” species. In insects this means, as a rule, at least 
as many generations. In larger birds and mammals the number of generations. 
would be less, but it is remarkable that, in all cases studied so far, the absolute 
time required for the evolution of a new species is about the same in different 
groups, irrespective of the number of generations (Zeuner, 1931 6, p. 126). Upon 
reflection, this fact is no longer surprising, since, where it otherwise, Protozoa,. 
green-flies, drosophilas or mice would produce new species at a fast rate, and large. 
animals with a slow succession of generations at a slow rate. Any paleontologist 
can produce examples to show that there is in species-formation no such connection 
between body-size and number of generations. There is, however, other evidence 
indicating that species-formation is linked to a considerable degree with absolute 
time. This knowledge is a valuable asset in phylogenetic work, though it renders. 
very remote the hopes of geneticists of producing species with non-reversible- 
characters within a human lifetime. 

One important point, however, must not be overlooked. If half to one million 
years are required for the characters of a species to become stabilized and irrever- 
sible, the species, once it has been so formed, may continue to survive virtually 
unaltered for a very long time thereafter. That this is the case is suggested, for 
instance, by certain Hydrophilide (Hydrous, Hydrophilus), which have persisted 
with no apparent change in specific characters since the upper Miocene, a period 
of about 18 million years *. 


* This is the improved figure based on radioactive determinations. | In 1931 (6), I used four million 
years in a similar context ; this figure has since proved to be too low. 
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In the present paper each phylogenetic stage (except Z) is regarded as one 
period of species formation lasting half to one million years, but the unknown 
survival period cannot be accounted for. If the stages Y to T together date the 
beginning of the evolution of the Troides-group back to about three to six million 
years, such figure has to be considered as a minimum. 

In view of the fact, however, that the Troides-group is in a phase of vigorous. 
evolution, it is unlikely that the correct time is very much greater than six million 
years. Allowing an uncertainty factor of 100 per cent., the evolution of the 
Troides-group may be estimated at having required between 3 and 12 million years. 

This figure may be compared with that found for the duration of the Pliocene 
by means of the radioactivity method, which is about 13 million years. It thus 
becomes apparent that the evolution of the Troides-group took place during the 
Pliocene and Pleistocene and that, making another ample allowance, its divergence 
from the Polydorus-stock is not likely to have begun before the upper Miocene. 
This result agrees remarkably well with the geological evidence for the possibilities 
of dispersal in the Australasian Archipelago. 


CONCLUSION. 


The attempt contained in the present paper at a phylogenetic analysis of a 
modern group of insects is inevitably conjectural in several respects. An effort 
has been made, however, to base every conclusion on evidence, either in the form 
of morphological characters, or of geological observations. The construction of the 
phylogenetic trees has been kept clear of geological matter, so that the subsequent 
combination of morphological evidence expressed in the trees with the geological 
history of the region provided a valuable test for the soundness of the results 
obtained. I venture to express the hope, therefore, that the views expressed in 
this experiment in “ paleontology without fossils,” will one day be confirmed by 
more direct evidence. 

In concluding, I wish to express my gratitude to the following gentlemen who, 
in various ways and often with a considerable sacrifice of their time, have helped 
me in the course of my investigations and in the preparation of the paper : Messrs. 
A. 8. Corbet, W. H. Evans, A. G. Gabriel, K. Jordan, D. Kimball, H. M. Peebles, 
W. Schmassmann, G. Talbot, B. P. Uvarov and Sir Arthur Smith Woodward. 

I also wish to pay special tribute to the great revisionary work done by 
W. Rothschild and K. Jordan, the thoroughness of which I have learned to. 
appreciate. 

The investigation was based in the first place on the material of the British 
Museum (Natural History), both at South Kensington and in the Rothschild 
collection at Tring. A first attempt at a phylogenetic analysis of the T'roides-group: 
was made some nineteen years ago, but the data available at that time were not 
sufficient to arrive at satisfactory results. Some of the notes and material have 
been used in the present paper. 


SUMMARY. 
The study of the phylogenetic relationships of Recent genera and species of 


3 insects and of their geographical distribution forms an important part of modern 
systematic entomology. It has been recognized almost universally that, no 
i? ‘ 
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matter what the mechanism of evolution is, both morphological differentiation and 
geographical distribution are the results of historical processes. The reconstruction 
of these processes requires a carefully balanced evaluation of morphological and 
geological evidence. This balance is not easily achieved, however, and many 
unsatisfactory phylogenetic reconstructions have been proposed in which either 
the morphological or the geological evidence is over-emphasized, or in which 
‘details taken from morphology as well as from geology are combined to present a 
‘seemingly correct picture of the evolutionary history of the group which, however, 
is contradicted by other details of morphological or geological evidence. A further 
difficulty is that, in the desire of giving reality to ancestral forms supposed to have 
existed at certain times, Recent forms are often substituted for hypothetical 
ancestors in the phylogenetic trees. Chronologically no Recent form can be 
ancestral to any other Recent form, and it is desirable, therefore, to stress the 
hypothetical character of the ancestral forms incorporated in phylogenetic 
‘trees. 

An attempt has been made by the present author at designing a method for the 
reconstruction of the phylogenesis of closely-related species and genera which, it 
is hoped, reduces the speculative character of this kind of research to a minimum, 
It is evident that only well-known groups exhibiting comparatively simple specific 
and generic characters afford any chance of elucidating the history of the Recent 
species. The material selected is a group of papilionid butterflies usually included 
in a comprehensive genus T'roides, but here subdivided into Troides Hiibner, 
Trogonoptera Rippon, Schenbergia Pagenstecher and Ornithoptera Boisduval. They 
are found chiefly in the Australasian Archipelago, but extend to the Solomons and 
eastern Australia in the east, and to Ceylon, Peninsular India and north-west 
China in the west and north. 31 species with 123 subspecies are at present known. 
This group affords the following advantages: (1) the number of species is not 
likely to be increased much by future discoveries and their distribution is well 
known ; (2) the specific characters are mostly non-adaptive and relatively simple 
(elements of pattern and coloration, differences in genitalia, secondary sexual 
characters) ; (3) the members of the group have formed numerous geographical 
subspecies ; and (4) the geological history of the area of distribution is known and 
affords criteria for the inhabitability of certain areas at certain times. The method 
adopted in the present paper is that, instead of using all the available evidence 
simultaneously, phylogenetic trees are constructed by using points (2) and (3) only, 
and, in doing so, certain technical modifications are introduced in the trees. The 
trees which, thus, rely on morphology and Recent distribution only, are then 
tested by means of a critical comparison with the geological history of the area. 
Since the two lines of approach are both of a complex nature, a high degree of 
compatibility of the results suggests that the conclusions are likely to be essentially 
correct. 

In Part I. of the paper the terms species, subspecies, species-group, subspecies- 
group and form are defined for the purposes of the present investigation. Examples 
are given for the evolution of subspecies during the Holocene and of species during 
the Pleistocene of Europe, and the evolution of taxonomic species from taxonomic 
subspecies is demonstrated, but since this subject is outside the scope of the 
present paper, it will be treated more fully elsewhere. 
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The conception of “ phylogenetic stages” is introduced as being the period of 
time, or the equivalent amount of morphological differentiation, from any one 
point of a lineage up to another point at which certain characters have become 
differentiated so much that, taxonomically, the descendant has to be regarded as. 
specifically distinct. In the special case of the Troides-group, this vague term 
gains considerably in value because of the connection of at least the two latest 
phylogenetic stages of most lineages with geological changes in the Australasian 
Archipelago. Though this term might prove to be applicable more generally, it 
is used here merely as a convenient terminus technicus. 

In Part II. the species and subspecies of T'roides, Trogonoptera, Schenbergia and 
Ornithoptera are analysed from the morphological point of view. The closely- 
related species are combined in species-groups. The geographical distribution of 
the species-groups and subspecies-groups is considered. In order to ensure that 
the inter-relationship of the species be based on the safest evidence available, a 
special study is made of the venation and the structure of the scent-pouch of the 
hindwing, and of the genitalia of the males of all species. 

It is found that Trogonoptera, hitherto considered as related to Ornithoptera, is 
a side-branch of T'roides, and that Ornithoptera and Schenbergia are, together, a 
homogeneous subgroup differing from the subgroup of Troides-Trogonoptera in the 
structure of the male harpe and of the scent-pouch, which are described in detail, 
as well as in other respects. 

In Part III. the evidence of inter-relationship provided by Part II. is used in 
constructing phylogenetic trees. Where justified by morphological evidence, the 
assumption is made that each subspecies-group has evolved: from a common 
ancestral form in comparatively Recent times, and that each species-group was, at 
some remoter period, a subspecies-group and, therefore, in turn, evolved from some 
earlier common ancestor. 

All the known species and subspecies of T'roides and T'rogonoptera can be derived 
from a common ancestral form by assuming that the process of splitting into. 
subspecies which, in the course of time, became species, occurred at least five times. 
This subgroup appears to have originated in Sundaland and thence spread mainly 
eastwards over the Archipelago in successive waves. 

The Schenbergia—Ornithoptera-group also can be reduced to a single ancestral 
form by means of five successive phylogenetic stages. It evolved in the Moluccas, 
Solomons and New Guinea. It has not spread westwards beyond the Moluccas. 
and overlaps with the Troides—T'rogonoptera-group in these islands only, if one 
neglects the recent arrival of a single form of Troides in New Guinea. Only one 
species of Ornithoptera has spread during the latest phylogenetic stages far and 
wide over the rain-forest areas of all these isles and of eastern Australia. The 
distribution of Ornithoptera during the earlier stages is discontinuous (Moluccas 
and Solomons), and the present geographical link, New Guinea, occupied by 
Scheenbergia. 

In Part IV. the geological history of the area is considered according to geo- 
graphical units, and the results of Part II. confronted with it in each case. 


Climatic changes and fluctuations of the sea-level are discussed, and it is shown 


that, during the Pleistocene, the shallow seas between the Malay Peninsula, Java, 
Borneo were repeatedly dry land (Sundaland) and that the same applies to the 
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seas between New Guinea, the Aru Isles and Australia (Sahul Shelf). The other 
islands, from the Philippines, Celebes and the Lesser Sunda Isles to the Moluccas, 
were never connected with these shelves or with one another. The formation of 
the Recent geographical races of many species of Sundaland and the Sahul Shelf 
coincides with the rising of the sea-level after the low phase of the Last Glaciation. 

The species and races found on the islands of the deep-sea area between the 
Asiatic and Australian shelf-areas conform closely to the pre-Pleistocene history 
of these islands. In particular, most parts of the chain of the Lesser Sunda Isles 
are geologically very young (late Pliocene and early Pleistocene) ; accordingly, only 
one species, 7’. haliphron, has become differentiated there in the course of the 
Pleistocene. This instance suggests that the rate of evolution of a taxonomic 
‘species in the Malay Archipelago is roughly the same as in Europe, 7. e., about 
equal to the duration of the Pleistocene. 

Other Recent species of the T'roides-group appear to have evolved from ancestral 
species in the course of the Pleistocene. All phylogenetic stages previous to the 
last two therefore fall within the Tertiary. 

Several independent lineages appear to have passed more or less simultaneously 
through certain stages of species-formation. It is suggested that geological changes 
which occurred at certain definite times, or were of a periodical nature, afforded 
at certain more or less regular intervals new chances for dispersal or new ecological 
conditions, resulting in the more or less simultaneous appearance of new forms. 

The evolution of the T'roides-group and its distributional history are summarized. 
There is complete agreement between morphological phylogeny and geological 
history, though two distributional problems remain unsolved unless recourse is 
taken to the theory of continental drift. These are (1) the slight degree of overlap 
of Troides and Schenbergia—Ormithoptera in the Moluccas, and (2) the discontinuous 
distribution of ancestral Ornithoptera. Both problems would find an easy explana- 
tion if the claims of Wegener, du Toit and other geologists could be substantiated 
that New Guinea and Australia had drifted from the south into the forming island 
arcs of the Archipelago in the course of the Tertiary and Pleistocene. 

In Part V. the values for the duration of the Pleistocene obtained by various 
geological methods are applied to Troides. It appears that in this genus, as in 
others, at least half to one million years were required for the specific characters 
to become stabilized in some of the species. 
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List of the Species and Subspecies of the Troides-group. 


Sex-forms and aberrations have been omitted. References have been given 
only if not listed in Bryk (1929). Some forms of doubtful status have been retained. 
For minor forms and aberrations, and for synonyms, see Rothschild (1895), Jordan 
(1908), and Bryk (1929). Some re-discovered or newly selected holotypes have 
been included. 

The type localities have been added as far as this can be done at present. The 
forms are, of course, often more widely distributed than is indicated by the type 
localities. 


Ornithoptera Boisduval, 1832. 
victoriz-species-group : 
O. victorize Gray, 1856. 
O. v. regine Salvin, 1888. N.W. Bay, Maleita. 
O. v. victoriz Gray, 1856. Guadalcanar. 
O. v. isabelle Rothschild, 1901. Ysabel. 
(2) O. v. resplendens Ehrmann, 1925. Choiseul. See Holland, 1927, Ann. Carn. Mus., 
17 : 328. 
O. v. rubianus Rothschild, 1904. Rubiana. 
O. v. regis Rothschild, 1895. Bougainville. 
O. alexandrz Rothschild, 1907. Kumusi River, N.E. New Guinea. 
O. allottei Rothschild, 1914. Bougainville. 
priamus-species-group : 
O. xsacus Ney, 1903. Obi. 
O. priamus Linné, 1758. 
. priamus Linné, 1758. Amboina. 
hecuba Rober, 1891. Key Islands. 
. arruana Felder, 1859. Aru Islands. 
. poseidon Doubleday, 1847. Darnley Island. 
teucrus Joicey & Talbot, 1916. Biak, Schouten Island. 
. boisduvali Montrouzier, 1856. Woodlark Island. 
admiralitatis Rothschild, 1915. Manus, Admiralty Is. 
pronomus Gray, 1852. Cape York. 
bornemanni Pagenstecher, 1894. New Britain. 
. miokensis Ribbe, 1898. Mioko. 
. urvillianus Guérin, 1829. New Ireland. 
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O. p. cxlestis Rothschild, 1898. St. Aignan. 
O. p. euphorion Gray, 1852. N. Australia (Queensland). 
O. p. richmondia Gray, 1852. Richmond River, New South Wales. 
O. cresus Wallace, 1865. 
O. c. cresus Wallace, 1865. Batjan. 
O. c. lydius Felder, 1865. Halmaheira. 
Schanbergia Pagenstecher, 1893. 
paradisea-species-group : 
S. meridionalis Rothschild, 1897. 
S. m. meridionalis Rothschild, 1897. Milne Bay, British New Guinea. 
S. m. tarunggarensis Joicey and Talbot, 1926. Wanggar, north side of 
Weyland Mts., Dutch New Guinea. 
S. paradisea Staudinger, 1893. 
S. p. paradisea Staudinger, 1893. Mandated Territory, New Guinea. 
S. p. flavescens Rothschild, 1897. Etna Bay, Dutch New Guinea. 
S. p. arfakensis Joicey & Talbot, 1915. Arfak Mts., West Dutch New Guinea. 
tithonus-species-group : 
S. tithonus de Haan, 1840. 
S. t. tithonus de Haan, 1840. New Guinea. 
S. t. prominens Joicey & Talbot, 1915. Angi Lakes, Arfak Mts., New Guinea.. 
(2) S. t. misresiana Joicey & Talbot, 1915. Mt. Misresi, Arfak Mts., New Guinea. 
S. t. waigeuensis Rothschild, 1897. Waigeu. 
S. chimera Rothschild, 1904. 
S.c. chimera Rothschild, 1904. Owgarra, Aroa River, British New Guinea. 
S. c. flavidior Rothschild, 1913, Nov. zool. 20 : 278. 
S. c. charybdis van Eecke, 1915 (March 25), Nova Guinea, 13: 56. Dutch 
(central) New Guinea. 
syn. S. c. dracena Joicey & Talbot, 1916, Trans. ent. Soc. Lond. 48 : 
exiv. Wandammen Mts., near Geelvink Bay, Dutch New Guinea. 
S.c. dracena Joicey & Talbot, 1922, Bull. Hill. Mus. 1 : 320. 
S. rothschildi Kenrick, 1911. Angi Lakes, Arfak Mts., New Guinea. 
goliath-subspecies-group : 
S. goliath Oberthiir, 1888. 
; a S. g. titan Grose-Smith, 1900. Owen Stanley Mts., British New Guinea. 
S. g. supremus Rober, 1896. Mandated Territory, New Guinea. 
S. g. atlas Rothschild, 1908. Kapaur, west Dutch New Guinea. 
S. g. samson Niepelt, 1913. Arfak Mts., Dutch New Guinea. 
S. g. goliath Oberthiir, 1888. Waigeu. See Jordan, 1908 : 16. 
S.g. procus Rothschild, 1914, Nov. zool. 21: 262. Ceram. Talbot, 1920, Ann. 
Mag. nat. Hist. (9), 6 : 398, pls. xiv., xv. 
T'rogonoptera Rippon, 1889. 
T. brookiana Wallace, 1855. 
T. b. albescens Rothschild, 1895. Malacca., 
T. b. trogon Vollenhoven, 1860. Sumatra. 
T. b. brookiana Wallace, 1855. Sarawak. Holotype Brit. Mus. Nat. Hist. no. Rh 489,. 
herewith selected. 
T. b. natunensis Rothschild, 1908. Bunguran, Natuna Is. 
T. trojana Staudinger, 1889. Palawan. 
Troides Hiibner, 1819. 
hypolitus-subspecies-group : 
7. hypolitus Cramer, 1775. 
Th. cellularis Rothschild, 1895, Celebes. 
T.h. sulaensis Staudinger, 1895. Mangola, Sula Islands. res 
T.h. hypolitus Cramer, 1775. Amboina. 
T. h. antiope Rothschild, 1908. Morty. 
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amphrysus-species-group : 
| T. andromache Staudinger, 1892. 
. T. a. andromache Staudinger, 1892. North Borneo. (Mt. Kinabalu.) 
| _ TT. a. marapokensis Fruhstorfer, 1898. Mt. Marapok, British North Borneo. 
T. mirandus Butler, 1869. 
T.m. mirandus Butler, 1869. Sarawak. 
T.m. neomiranda Fruhstorfer, 1903. Mts. of Sumatra. 
T. cuneifer Oberthiir, 1879. 
T. c. cuneifer Oberthiir, 1879. Java. 
T.c. sumatranus Hagen, 1894. Sumatra. 
T.c. peninsule Pendlebury, 1936, J. fed. Malay St. Mus, 18: 178. Bukit Kutu, 
3400 ft., Selangor. 
T. amphrysus Cramer, 1779. 
T. a. amphrysus Cramer, 1779. Java. 
T. a. ruficollis Butler, 1877. Malacca. 
T. a. niasicus Fruhstorfer, 1897. Nias. 
T. a. vistara Fruhstorfer, 1906. Batu Islands. 
T. a. flavicollis Druce, 1873. Borneo. 
haliphron-species-group : 
T. darsius Gray, 1852. Ceylon. 
T. vandepolli Snellen, 1890. 
T.v. honrathiana Martin, 1892. Sumatra. 
T. v. vandepolli Snellen, 1890. Preanger Mts., Java. 
T. criton Felder, 1860. 
T. c. celebensis Wallace, 1865. South Celebes. 
T.c. critonides Fruhstorfer, 1903. Obi. 
T.c. criton Felder, 1860. Batjan. 
T. riedeli Kirsch, 1885. Sjerra, Timorlaut. 
T. haliphron Boisduval, 1836. 
T.h. haliphron Boisduval, 1836. Celebes. 
T.h. pallens Oberthiir, 1879. Saleyer. 
. h. pistor Rothschild, 1896. Kalao and Djampea Is. 
. naias Doherty, 1891. Sumba. 
. anttlochus Fruhstorfer, 1913. Alor. 
. socrates Staudinger, 1891. Wetter. 
. ris Rober, 1888. Letti. 
. ariadne Rothschild, 1908. Roma. 
. heptanonius Fruhstorfer, 1913. Dammer. 
. staudingeri Rober, 1888. Luang Is. 
. tkarus Fruhstorfer, 1904. Selaru, Timorlaut. 
h. plato Wallace, 1865. Timor. 
helena-species-group : 
T. helena Linné, 1758. 
4 T.h. spilotiu Rothschild, 1908. Hainan. 
(2) T. h. euthycrates Fruhstorfer, 1913. Than-Moi, Tonkin. 
. cerberus Felder, 1864. Northern India. (Darjeeling.) 
. heliconoides Moore, 1877. Pt. Blair, Andamans. 
ferrari Tytler, 1926. Great Nicobar Is. 
typhaon Rothschild, 1908. North-east Sumatra. 
. sara Rothschild, 1908. Nias. 
nereis Doherty, 1891. Engano. 
mosychlus Fruhstorfer, 1913. Brunei, Borneo. 
helena Linné, 1758. ‘* Surinam,” loc. err. (Java.) 
nereides KFruhstorfer, 1906. Bawean. 
. antileuca Rothschild, 1908. Kangean. 
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T'. h. maurus Fruhstorfer, 1908. Bali. 
T.h. sagittatus Fruhstorfer, 1896. Lombok. 
T.h. propinquus Rothschild, 1908. Sumbawa. 
T. h. hephexstus Felder, 1864. Celebes. 
syn. Ornithoptera leda Wallace, 1865. Holotype, Brit. Mus. Nat. Hist., 
no. Rh 488, herewith selected. Type locality, Menado, northern 
Celebes. 
7’. h. mopa Rothschild, 1908. Buton. 
T'. h. neoris Rothschild, 1908. Binongka, Tukan Besi Is. 
T.. oblongomaculatus Goeze, 1779. 
T. 0. papuensis Wallace, 1865. Salawatty. Holotype, Brit. Mus. Nat. Hist. 
no. Rh 487, herewith selected. 
T'.. o. hanno Fruhstorfer, 1904. Goram, Matabele Is. 
T. 0. asartia Rothschild, 1908. Ceramlaut. 
T. 0. oblongomaculatus Goeze, 1779. ‘‘ Surinam,” loc. err. (Amboina.) 
T.0. bowruensis Wallace, 1865. Buru. Holotype, Brit. Mus. Nat. Hist. 
no. Rh 486, herewith selected. 
T. 0. bowruensis, II. (See this paper, p. 126.) 
T. 0. bandensis Rothschild, 1908. Great Banda Is. 
T. 0. thestius Staudinger, 1896. Saleyer. 
#acus-species-group : 
T. pratiorum Joicey & Talbot, 1922. 
T. p. prattorum Joicey & Talbot, 1922. Buru. : 
T. p. mixtum Joicey & Talbot, 1924. Lek Soela, south coast of Buru. 
T. magellanus Felder, 1862. 
T.m. magellanus Felder, 1862. Babuyanes, Philippines. 
T.m. sonant Matsumura, 1931, 6000 Ill. Ins. Japan: 459. “ Japan.” 
(? Formosa.) 
T. rhadamantus Lucas, 1835. 
T. +r. rhadamantus Lucas, 1835. Philippines. 
syn. 7’. r. hesiodus Fruhstorfer, 1911. Mindoro. 
syn. 7’. r. bazilanicus Fruhstorfer, 1908. Bazilan Is. 
T. r. platent Staudinger, 1888. Palawan. 
T. 7. belzanor Fruhstorfer, 1911. Jolo Is. 
T. 1. dohertyt Rippon, 1893. Talaut Is. 
T'. eacus Felder, 1860 
T. x. xacus Felder, 1860. Patria ? (North India.). 
T. x. thomsoni Bates, 1875. Malakka. 
(2) T. 2. precox Fruhstorfer, 1913. Siam (Dry season). 
T. x. formosanus Rothschild, 1899. Formosa. 
T. minos Cramer, 1779. ‘‘ West Sumatra,” loc. err. (South India). 


NOTICE. 


Transactions of the Zoological Society of London, Vol. XXV. Part 2, 
was published on July 21st, 1942. 


ADDENDUM 


KUHNIA. 
Monsieur R.-Ph. Dollfus (Ann. Parasitol, Paris, 21, 95 (1946)) considers that the generic name Auhnia 


Sproston, 1945, should be replaced by Octostoma Kuhn, 1829, and, owing to a misunderstanding, states 
larati EeN iy oy Hens 
ration of the 


that the present writer (in lit.) concurs in this view. On the contrary, on careful conside 
facts, the only interpretation of them that seems to be in accordance with the Rules of Nomenclature 
is that the name Octostoma (first mentioned by Otto, 1823, 302) is a (still-born) synonym of Cyclocotyla 
Otto, and is not available for another genus. In any case, Octostoma Kuhn is a synonym of Mazocraés 
Hermann, 1782, since their genotypes are identical. The name Kuhnia is therefore retained. 
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A Synopsis of the Monogenetic Trematodes. 


By Nora G. Sproston.* 


[Received May 17, 1944.] 


(Figures 1-118.) 
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INTRODUCTION. 


“|... Inasmuch as names are given, one should also know where to stop. 
Knowing where to stop one can become imperishable.” 


(From “ A new translation of the Tao Té Ching.” by Ch‘u Ta-kao. 2nd edn., 
1939, chapter xxxii.) 


In the following systematic study of the monogenetic trematodes an attempt 

has been made to bring the information contained in the monumental Index 

Catalogue of Stiles and Hassall (1908) up to date in so far as it concerns this 

order only. Since the time of this publication the group has received consider- 

able attention from workers in several countries, but unfortunately, owing to 

the inaccessibility of many of the papers, the literature as a whole is not well 

known, and students have experienced much difficulty with the nomenclature of 

the species. It was therefore decided to treat the subject critically, and not only 

to indicate all the synonyms, but also to trace their taxonomic history as briefly 

| as possible, and at the same time to show which names were valid. This synopsis 
differs markedly in scope from the work of Stiles and Hassall, which made no 
attempt to be critical. The following figures give an indication of the ‘erowth 
of our knowledge of the Monogenea since the Index Catalogue was published ; 
but we are ignorant of the forms occurring in and on fishes of practically the whole 
of the South American, African (except Egypt) and Asiatic Continents (with the 
ooh ifee’ ¢ Japan), and few species have been collected from the Antarctic or 

Pacific Islands. 


of the Distribution of Valid Genera and Species of Monogenea. 


British. European. Exotic. No. to 1908. No. since 1908. Total. 
fe) 67) 38 60 105 53 ri! 130 
67 200 491 198 481 679 


Bede rv. ste 1 1946. 
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Only those references prior to 1908 have been given which include changes 
in nomenclature, new names, new hosts, figures, or work of special interest. 
Fuller references can be obtained from Stiles and Hassall’s work, and as this is 
arranged alphabetically, no page references have been made to it. In the list 
of references at the end (pp. 546-565) the same index letters for the year have 
been used as in the original Index, to facilitate reference. 

Several emendations have been made in the current classification which are 
based on recent studies of the morphology, particularly of the cuticularized parts 
of the body (Sproston, 19456), and short descriptive notes are added on British 
species examined by the author. The figures have all been re-drawn from the 
sources stated, and many have been greatly simplified or enlarged to scale. The 
author is greatly indebted to Dr. H. A. Baylis, of the British Museum (Natural 
History), who has not only criticised the first draft of the manuscript, but has 
given freely of his sound knowledge of procedure in taxonomy, and has suggested. 
many grammatical emendations in the names, in accordance with Art. 14 (a) of 
the International Rules of Zoological Nomenclature. 

The main scheme of classification of the Polyopisthocotylea, and especially of 
the Diclidophoroidea, is based on the author’s own studies, which were completed 
in 1942, before the papers on this group by Price, Llewellyn, or Brinkmann were 
available. Somewhat greater emphasis has been placed on the form of the 
haptor and its sclerites in the present work than appears in that of previous. 
authors. The reason for this is that it is felt that because the haptor is the first 
completely formed organ in the larva—or post-larva in the case of the secondary 
haptor—these hard parts are of special value as systematic criteria. The value 
of other criteria is discussed en passant, and elsewhere (Sproston, 1945a). The 
grouping herein must be regarded as tentative : it embodies a working hypothesis,. 
until more work has been done, particularly on the developmental stages, which 
will throw clearer light on the relationships. 

The Gyrodactyloidea is largely a New World group, and the classification has 
been accepted mostly as it has been left by the American authors. In this and 
other families in which so few species occur in Britain, it is impossible to criticise 
the arrangement made by those who are more familiar with the material. The 
Diclidophoroidea, on the other hand, are well represented in the British fauna, 
and considerable emendations have been made in the classification of this group. 

In the main section of the work the names of hosts have been stated, in most 
cases, aS they were given by the original author. Considerable difficulty was. 
encountered in reconciling the nomenclature of hosts used by various authors. 
from different parts of the world; but by the kindness of Dr. Ethelwyn Trewavas, 
of the British Museum (Natural History), a host-list of revised names of fishes 
has been prepared (pp. 514—544) and in this cross-references are made to 
the host names, now discarded, but cited in the main section. A gs 
index is also added, containing all the names that have been used in the literature 
on Monogenea, with some indication of their present status, to facilitate reference: 
for those who are unfamiliar with recent additions and changes. 

The author wishes to express her thanks to the Director and Staff of the Marine 
Biological Association’s Laboratory at Plymouth for the excellent facilities given 
tor the examination of fishes under the most difficult war-time conditions, and. 
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for their personal help in many ways. The work has been carried out during 
the tenure of the Keddey Fletcher-Warr Studentship, granted by the University 
-of London. 


SUMMARY OF CLASSIFICATION AND ConrentTs oF SysTEMATIC SECTION. 


The numbers in parentheses indicate the number of valid species in each genus. 
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MONOGENEA Carus, 1863. 


(Syns.: “ Monogénéses”’ of v. Beneden, 1858 (=vernacular name only) ; 
Cryptocoela Johnston, 1865; Hctoparasitica Lang, 1888; Hnterocotylea Montic., 
1892 ; Heterocotylea Braun, 1893; Monogenetica Haswell, 1893; Heterocotylida 
Lahille, 1918)—Recent reviews: Price, 1937, 116; Mizelle, 19386, 10-11; 
Brinkmann, 1940, 72-76. 


Diagnosis of Order.—Small to medium-sized Trematoda which can complete the 
whole of the life-cycle on one host. There is an incomplete metamorphosis, and 
alternation of generations is rare (present in some Polystoma spp.). Chief organ 
of attachment (—“‘haptor’’) is posterior (though it may come to lie laterally 
due to differential growth of the sides of the body): it may be developed from 
the primary, larval, haptor (Monopisthocotylea)—when it is more or less discoid, 
muscular, and sometimes provided with localized cuticular thickenings. Nearly 
always there are hooklets (2-16) round the margin of the larval haptor which 
may persist in the adult, and frequently one to three pairs of large hooks more 
centrally placed (=“ anchors”’). The haptor of the adult may, on the other 
hand, be a new structure developed proximally to the larval haptor, which may 
or may not be retained in its entirety (? in Acanthocotyloidea), or in a reduced 
form with the anchors (in Polyopisthocotylea). The secondary haptor may be 
discoid, with cuticular or muscular developments upon it, or may be formed of a 
fixed number of muscular suckers with or without a supporting sclerite, or of a 
fixed or indefinite number of characteristically-formed cuticular adhesive units 
(=“‘ clamps ’’), which are either located on a definite haptoral region or are 
disposed along the margins of the body proper. Anterior adhesive organs. 
may be present as groups of gland cells opening in “head organs,” or as. 
suckers or pseudosuckers. The mouth is at or near the anterior end, and a 
pharynx is always present. The intestine is rarely sac-like. and usually formed 
of two lateral crura: these may be confluent, branched or unbranched. Eyes. 
present or absent. KHxcretory system double, opening dorsally by two symmetri- 
cally-placed pores, at or near the level of the genital aperture. Animals always 
hermaphroditic, though the male and female systems may not ripen simultaneously. 

Ovary nearly always pretesticular. Genital pores usually opening into a common 
sinus. Uterus usually short, and eggs comparatively few and relatively large 
—frequently with polar prolongations. Genito-intestinal canal present or absent, 
and vagina may be absent. Vitellaria nearly always composed of minute follicles 

* co-extensive with the intestinal crura, occurring above and below them, and 
between their branches—usually not extending across the median region, which 
is occupied iby the reproductive system. Usually parasites of cold-blooded 
aquatic vertebrates, or of crustaceans semi-parasitic upon them; very rarely on 
cephalopods « or mammals. 


Notes on ierms employed. 

The ‘‘ haptor ”’ is intended to imply the posterior organ of fixation as a whole, regardless of morpho- 
jogical homology. The term was proposed by Price (1934 a, 34), since it conveys a definite meaning 
4 without restricted morphological implications. In a later paper (19376, 161: footnote) he 
-unfo tunately implies a morphological status for the term, assuming that it is homologous in alk 
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monogenea, with certain exceptions, such as in Bothitrematinae (Dactylogyridae), and in Acantho- 
cotylidae, in which the term haptor is confined to the vestigial larval haptor, and the functional 
fixation-dise is called a “ pseudohaptor.”’ The latter modification of the term is not adopted herein, 
and the term ‘“‘ pseudohaptor ”’ is discarded. 

In Gyrodactyloidea certain terms are used in the sense in which they were defined by workers on 
this group: ‘“‘ anchor ’’—large heavily cuticularized hooks on the haptor which have muscle-fibres 
of their own, and “‘ marginal hooks,” or ‘“‘ hooklets ”—the smaller spine-like hooks, which also have 
muscle-fibres of their own (see Mueller, 1936 a, 55-72). A “spine” is a cuticular structure without 
muscle-fibres of its own (Price, 1938 d, 189) and, as Price points out, it is possible to have spine-like 
hooks and hook-like spines. In Diclidophoroidea the functional haptor is a secondary structure 
bearing organs of fixation which act independently: their “ sclerites’’ are homologous, and are 
local thickenings in the prismatic layer forming the capsule of each unit. The term “clamp” has 
been used by several American authors, notably by Remley (1942, 141-155) and is adopted herein, 
in preference to “ suckers,’ “armoured suckers” or “ claspers,”’ since it is a non-ambiguous 
mechanical term, signifying a holding instrument acting by its two moieties placed on both sides 
of the object held, whereas a sucker acts as a single area applied to one face of the object held. The 
clamps in this superfamily may, however, be modified by special elaboration of the musculature 
and sclerites to act as armoured suckers (Choricotylinae), or by extreme reduction of sclerites 
(Hexostomatidae) (see Sproston, 1945 bd). 


Sub-order MONOPISTHOCOT YLEA Odhner, 1912. 


(Syns. : Monocotylea Blainv., 1828 ; T'ricotylea Dies., 1850; T'ristomeae Tasch., 
1879 ; Oligocotylea Montic., 1903; Monopisthodisconea Fuhrmann, 1928; Mono- 
pisthocotylinea Fuhrm., 1928.) 


Diagnosis of Sub-order: Monogenea in which the haptor is a single unit—the 
functional haptor being the larval haptor retained with only slight modification 
in the adult (a secondary discoid haptor being developed in addition in Acantho- 
cotyloidea). As a rule, the marginal hooklets and anchors are retained on the 
haptor of the adult (the latter is poorly developed in most Microbothriidae—in 
which the whole leaf-like body is applied to the host, and acts as a generalized 
sucker). The anterior end is frequently provided with adhesive organs in the 
form of “‘ head organs” or more or less muscular suckers outside the mouth : 
paired cuticular suckers are never developed inside the mouth as in Polyopistho- 
cotylea. Genito-intestinal canal absent (except, possibly, in Prototogyrodactylidae). 


The following key shows the relationship between the super-families of the 
two sub-orders Monopisthocotylea and Polyopisthocotylea :— 


1. Haptor as a single unit: larval haptor retained, more or less un- 
changed, in adult. Anterior end with gland-organs; mouth not 
surrounded by an oral sucker, and paired suckers within mouth 
never present : accessory suckers may be present outside mouth. 
Genital-intestinal canal absent (usually) ................00 0000: ‘“MONOPISTHOCOTYLEA. 
la. Larval haptor remains the functional haptor, usually with |CAPSALOIDEA. 
persistent margmal hooklets ......../:.2. 002 07 eee GYRODACTYLOIDEA and 
16. Functional haptor developed as a single unit, but separate from 
and anterior to persistent larval haptor .................06- ACANTHOCOTYLOIDEA. 
2. Haptor consisting of several units : larval haptor, if retained, develops 
adhesive units upon it, or a new series of adhesive units arise 
anterior to it and replace the larval structure entirely. Anterior 
end (nearly always) devoid of adhesive gland-organs: mouth 
surrounded by an oral sucker or with a pair of “ suckers ”’ within 
mouth. Genito-intestinal canal present.......... esac i> nape POLYOPISTHOCOTYLEA,. 
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2a. Functional haptor of adult probably always developed from [PoLYSTOMATOIDEA]. 

larval haptor by the addition of 6 cup-like suckers (or 2 only). AVIELLOIDEA and 
26. Functional haptor of adult developed anteriorly to larval haptor 

in the form of lateral rows of suckers (of limited or unlimited 

number) always supported by cuticular sclerites (usually 

acting as clamps): larval haptor vestigial.................. DICLIDOPHOROIDEA. 
la. Haptor delicate: attachment by marginal hooklets and one or 

two pairs of stout hooks (‘‘anchors’’). Anterior end with 

well-developed glands (usually in paired ‘“ head-organs ”’). 

Cirrus cuticularized, usually with an accessory piece ......... GYRODACTYLOIDEA. 

Haptor a well-developed muscular disc: attachment by its 

sucker-like action, aided or not by 1 to 3 pairs of anchors— 

if these are present they never have supporting bars—and 

marginal hooklets. | Anterior end with pre-oral suckers and/or 

glandular areas but rarely ‘“‘ head organs.” Cirrus may be 


cuticularized but never with an accessory piece............. CAPSALOIDEA. 
2a. Haptor with 6 muscular suckers and 4 large central anchors. 
Anterior end with Gyrodactyloid-like head organs........... AVIELLOIDEA. 


Haptor with 6 (or 2) muscular suckers, with or without hook-like 
sclerites, and one (rarely 3) pairs of anchors situated posteriorly. 
Anterior end with an oral sucker.............0ccceeeceence POLYSTOMATOIDEA. 


GYRODACTYLOIDEA Johnston and Tiegs, 1922. 


Johnston and Tiegs, 1922, 86: created to include the families mentioned 
below and, in addition, Monocotylidae. Poche, 1926, 107: reviews super-fam. 
and substitutes Gyrodactylides n.n. pro Gyrodactyloidea Johnst. and Tiegs. 
Price, 1937a, 117: retains original name for the super-fam. and gives the 
diagnosis quoted below. Mizelle, 1938 6, 13-14: reviews the recent literature of 
this group from North America. 

Gyrodactyloidea Johnst. and Tiegs ; Super-family diagnosis : Monopisthocotylea ; 
anterior haptor absent. Cephalic glands present, usually in two groups, one on 
each side of the pharynx, their ducts opening on to one or more pairs of head 
organs. Posterior haptor disc-like or may be wedge-shaped, bearing one or two 
pairs of large hooks (anchors) ; these are almost always supported by 1-2, rarely 
3, cuticular bars. Intestine sac-like or of two branches, with or without diverti- 
cula; these, if present, are short. Genital aperture median or sub-median. 
Cirrus simple, cuticular, frequently with a complicated cuticular accessory 
apparatus. Vagina present or absent. Vitello-intestinal canal rarely present. 
Oviparous or viviparous. 


Type family: GyropacTyLiIDAE Cobbold, 1864. 


Key to the Families of Gyrodactyloidea (modified from Price, 1937). 


DO VIVEDATOUMIIIME is oon oS cassie cle cccseoeraesesvevevesccsceneaveres GYRODAOCTYLIDAE. 
ee cn 50d pins oem ams govmhin Bo Ota mito sino. ale ee aie 3 2. 
2. Vitello-intestinal duct present; vitellaria frond-like, in palmate 
PUR PCMOIEMITGH cise cc bce ve ves tvh ee qepaudanenvuseveseescoeas PROTOGYRODACTYLIDAE, 
_ Vitello-intestinal duct absent ; vitellaria not frond-like nor in distinct 
OUST. ice le eg hese nn eaisnecdegeg¥elsacscoeece ely A Be 
3. Anterior end of body expanded, forming head-lappets.............-. CALCEOSTOMATIDAE. 
Anterior end not expanded ........ She a wie Dabicth wale say essceceseees DACTYLOGYRIDAE. 
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GYRODACTYLIDAE Cobbold, 1864. (Syn. Amphibdellidae Carus, 1885). 


Cobbold, 1864, 18, 44-51; Liihe, 1909 6, 9-10: includes Gyrodactylus, Dactylo- 
gyrus, and Ancyrocephalus ; Johnston and Tiegs, 1922, 90-91 : include, in addition 
to those subfamilies included below, MrrizocoTyLINAn, LEPIDOTREMINAE and 
TETRAONCHINAE; Fuhrmann, 1928, 6, 9, 13, 15, 17, 24, 27, 30 comp. anat. ; 
Bychowsky, 1933 d, 26; Price, 1937 a, 117: in discussing the taxonomy of the 
family abandons the name “‘ Gyrodactylides ” of v. Beneden and Hesse, 1863, as a 
vernacular name, and therefore not the equivalent of Gyrodactylidae, which he, as 
other authors, including Stiles and Hassall, 1908 (Index Cat.), attributes to Cobbold, 
1877; [the family was, however, created by Cobbold in the first edition of his 
book (‘ Entozoa: An Introduction to the Study of Helminthology ...’, 1864, 
p. 18, and further elaborated on pp. 44-51)]. Price’s (1937) diagnosis is adopted. 
below, slightly modified ; Mizelle, 1938 b, 14: accepts Price’s interpretation and 
quotes Cobbold’s name for 1877. 


Family diagnosis.—Gyrodactyloidea. Small elongated monogenea with 2 head 
organs. Haptor well developed, usually bearing one pair of large hooks (anchors) 
—absent in IsANCISTRINAE—and 15 to 16 marginal hooklets. Intestine bifurcate, 
the two limbs not uniting posteriorly. Eyes absent. Male copulatory organ 
armed with a row of minute spines and usually with a triangular cuticular plaque. 
Ovary ‘“‘V”’ shaped or lobed, posterior, or ventral to testis. Vitellaria absent 


or united with ovary. Vagina absent. Viviparous. Parasites of fishes, amphibia 
and cephalopods. 


ISANCISTRINAE Fuhrmann, 1928, 27; Price, 1937 a, 117: 
diagnosis adopted below. 


Subfamily diagnosis —Gyrodactylidae with the anterior end truncate and one 
pair of head organs. Haptor without anchors but with 15 marginal hooklets. 
Parasitic on Cephalopoda. 


Type genus: (monotypic subfamily) Jsancistrum de Beauchamp, 1912. 


Isancistrum de Beauchamp, 1912, 96-99; Fuhrmann, 1928, 27: (syst.); Price, 1937 a, 
117: systematics, diagnosis: with characters of the subfamily. 
Type species : (monotypic) J. loliginis de Beauchamp, 1912. 
de Beauchamp, 1912, 96-99, fig.; on Loligo media Linn.; Dollfus, 1913, 
220 (syst.); Sprehn, 1933, 22, fig. 1 (showing 3 embryos in uterus) “on gills 
of Alloteuthis subulata Lam.” 


GYRODACTYLINAE Monticelli, 1892. 
Monticelli, 1892, 213; sensu emend. Johnston and Tiegs, 1922, 91; Price, 
1937 a, 117: diagnosis quoted below. 
Subfamily diagnosis.—Gyrodactylidae with anterior end bilobed, each lobe with 


a head organ. Haptor with one pair of anchors and 16 marginal hooklets. 
Parasites of fishes and amphibians. 


Type genus: yrodactylus Nordmann, 1832 (monotypic subfamily). 


- 
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Gyrodactylus Nordmann, 1832, 

Nordmann, 1832, 105-106 ; Diesing, 1850, 432: definition; 1858 e, 314, 
374-375: redefined; 1859, 423, 439; Liihe, 19106, 10; Wegener, 1910, 
11-12; Johnston and Tiegs, 1922, 91: sensu emend.; Poche, 1926, 108 ; 
Fuhrmann, 1928, 7, 10, 19, 23, 24, 25; Bychowsky, 1933 d, 17-38: restricted 
and emend.; Price, 1937 a, 118: redefined as ‘‘ with characters of the 
subfamily.” Type species: Gyrodactylus elegans Nordmann, 1832. 

G. bychowskyi, n.n. (syn. G. mediws of Wegener, 1910). This species was 
separated from G. medius Kathariner, 1894, by Bychowsky, 1933 d, though 
it was not renamed by him; Wegener, 1910, 13-14, fig. 1, on Gasterosteus 
aculeatus from KE. Prussia: the figure shows the inwardly curved anterior 
extremity of the anchors much less pronounced than in the figure by 
Kathariner. Bychowsky, 1933 d, 18, 19, 23, 24 (tabular comparison). 


Figures 1 a-g. 


d 


0-05 mn. 


a-b : Gyrodactylus elegans—a, Complete worm: showing an embryo within the embryo; 6, Anchors 
(original—from Spinachia spinachia). c: Gyrodactylus sp. (? n. sp.), Anchors (original—from 
Pleuronectes platessa). d: G. medius, Anchors (original—from Ciliata mustela). e-f: G. parvi- 
copula—e, Anchors and bars; A marginal hooklet. g, Diagram of cirrus typical of Gyrodactylus 
spp. (after Bychowsky). 


@. cobitis Bychowsky, 1933 d, 22-23, 24, fig. 4: on the gills and fins of Cobitis 
_ tenia from Caspian Sea (Volga Delta). 
oh aE cylindriformis Mueller and Van Cleave, a 92-93, figs. 8-10: on Umbrina lims 


from gpa Lk., New York. 
AS EY. 
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G. elegans Nordmann, 1832. 

Nordmann, 1832, 106-108, pl. 10, figs. 1-3: Type by elimination, type 
host Cyprinus carpio, also in the gill mucus of Abramis brama (Europe) ; 
Kroyer, 1838-40, 592, 593: hosts. (Denmark); 1852-3, 1225, 1226, on 
Phoxinus aphya, Cobitis barbatula, Gasterosteus aculeatus and G. pungitius 
from Denmark ; Wagener, 1857, 49, 50, 51-54, 57, 60, 63, 64, 76; 1860, 
786-793, pls. 17-18, on Hsox lucius, Gobio gobio, Carassius carassius, C. 
erythrophthalmus and Cobitis fossilis; Diesing, 1850, 432, 649, 651; 1858, 
314, 375, recorded by Creplin on the body and fins of G. aculeatus, and 
by von Siebold on the gills and fins of G. pungitius, Phoxinus laevis and 
C. barbatula ; 1859, 439-440; Bradley, 1861, 209-210 on Stickleback from 
Hampstead Ponds, London; Cobbold, 1862, 35-39; 1864, 45-51, fig. 14: 
on Cyprinus brama; 1879, 464, 465, 466, fig. 79; Taschenberg, 1879, 260— 
261: on C. carpio, A. brama, G. aculeatus, G. pungitius, P. laevis and C. 
barbatula ; Houghton, 1888, 77, from Shropshire; Hoyle, 1890, 539, 540, 
fig. 3G; Kathariner, 1894, 127, 129, 130, 132, 133, 134, 140, 141, 144, 150, 
155, 156, 157, 158, pl. 7, figs. 1, 2, 5, 6, pl. 8, figs. 9, 11, 13-24: states that 
Gyrodactylus elegans of v. Beneden, 1861, is not this species but is G. gracilis 
(q.v.); on Zinca tinca, Lota vulgaris, Gobio fluviatilis and C. barbatula ; 
1899, 328-329 records of marine hosts: Gobius minutus, Cyclopterus lumpus 
(by v. Linstow) and a new host Motella communis from Heligoland; 1904, 
519-550, figs. A-K, 1-26: development ; Gamble, 1896, 61, fig. 29; Sramek, 
1901, 95, 110, fig. 65: on A. brama; Janicki, 1903, 241-245, figs. 14: 
early development; Liihe, 19096, 10, 11, figs. 6-7: on CO. carpio from 
Germany; Wegener, 1910, 12-13: on C. carassius, G. gobio, G. aculeatus 
from E. Prussia; Johnstone, 1912, 47, fig. 4: on the fins of Pleuronectes 
platessa from the marine hatcheries, Piel, Morecambe Bay, England; Vlas- 
senko, 1928, 244, comp. anat. and cf. with [Aviella] baikalensis ; Fuhrmann, 
1928, 24, fig. 34 (orig., whole worm) from a goldfish from Germany ; 
Bychowsky, 1929, 20: on 100% C. carpio from Kostroma, U.S.S.R. ; 
1933 d, 24: tabular data; Seamster, 1938, 610, on Ameiurus melas from 
N. America; Mueller, 1936 a, 58, 60, vars. “‘ A” (figs. 4, 32, 50, 67) and 
“ B” (figs. 31, 58, 66) on C. carassius and trout respectively, from New York ; 
Yamaguti, 1940 a, 36-38, pl. 1, fig. 1: emends description of genitalia, and : 
considers G. japonicus Kikuchi, 1929, as a probable synonym. Common on 
the fins and scales of C. carassius, especially in captivity, in Japan. 


Gyrodactylids apparently belonging to this species have been found commonly, 
often in heavy infestations, on the gills, fins and body of Spinachia [Gasterosteus] 
spinachia at Plymouth—they were particularly abundant on the fins: figs. 1 a, b 
(herein). 

The following are some measurements of worms after fixation, taken on 1.iv. 40 at Plymouth. 
Body, including haptor, 700 long, 150 wide, haptor 115 long and 115, wide in anterior half, 
anchors 65» long, pharynx 45» x 45, cirrus 244.diam. Body (incl. hapt.) 600 » long, 120 » wide, 
anchors 55-5 u long, pharynx 30 long and 35 wide, “egg”? 36 diam. Body (incl. hapt.) 3404 
long, pharynx 28-5 long and 40 wide, anchors 41-5u long. Body (incl. hapt.) 350» long, pharynx 
30 » long and 37 w wide, anchors 40 long. 


Gyrodactylus elegans is frequently the cause of epidemics among fishes of various 
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‘species in captivity, and it is particularly troublesome to breeders of goldfish. 


_ To Mr. A. Rought of Cobham, Surrey, I am indebted for the following information (personal com- 
Munication). During the summer adult goldfish were found to “ dash ey about the pond, 
-and then stop, with their fins twitching; which is a recognized symptom” of Gyrodactyliasis. 
Subsequently there was a large spawning, faltowen some five days later by the hatching of thousands 
-of fry: though these were isolated in smaller tanks, they made poor progress, and in five weeks 
began to die in large numbers. Both living and dead fish showed a thick fringe of the worms 
along the under surface of the head—projecting from the operculum, head downwards. Some 
-of the infected young survived and remained active, and though five weeks old neither paired fins 
had developed and they were only about a quarter of an inch long. All fish were then submitted 
to a 30 to 60 second immersion (according to size) in a bath of 1 in 500 glacial acetic acid ; this 
killed the worms, but also many of the fish,—the adults taking about an hour to recover. Thorough 
disinfection of tanks and isolation of infected individuals eradicated the trouble. It was thought 
that the parasite was introduced by some imported Italian goldfish. 


References dealing with epidemics and their control include: Report of the 
U.S. Fishery Commission, 1899; Atkins, 1901, 82-89: G. elegans from fishes in 
Maine, U.S.A.; Cooper, 1915, 190, report on 4 spp.; Usakov, 1907, 400-402: 
-G. elegans as an epidemic ; Pratt, 1919, 7: shrivelled gills probably caused by gill 
worms; Van Cleave, 1921, 33-37: G. fairporti as fatal to A. melas in U.S.A. ; 
Ward, 1918, 374; Roth, 1922; Plehn, 1924, 344; Hofer, 1904, 134-138 ; Moore, 
1922, 18-31; Hesse, 1928, 138; 1930, 131-136; Embody, 1924, 48-53: Gyro- 
dactylus on trout; Guberlet, Hansen and Kavanagh, 1927, 1-13: the control of 
Gyrodactylus on fishes from Washington ; Laird, 1927, 177-179: control by use 
of Zonite; Pratt, 1929; Laird and Embody, 1931, 189-191: control of Dis- 
cocotyle sp., etc. ; Wunder, 1929—see Dactylogyrus control ; Wilde, 1937, 203-236 : 
gyrodactylids on Tinca tinca and their control; Mizelle, 1938 6, 55-61: review 
of economic significance and control of gyrodactylids ; Dogiel, 1939, 64: quarantine 
for imported fish stocks—vide Natzschia. 


G. fairporti Van Cleave, 1921, 36-37, figs. 1-2: on Cyprinus carpio from U.S.A., 
and as a fatal epidemic on Ameiurus melas. 
G. atherinae Bychowsky, 1933 d, 18-19, fig. 1: on the gills and fins of Atherina 
pontica caspica Kichwald, from the Caspian Sea. 
@. gracilis Kathariner, 1894. 
Kathariner, 1894, 129 131, 141, 143, 147, 150, 157, 158-159, pl. 7, figs. 4 
7 (syn. G. elegans of v. Ben., 1861, non G. elegans of Nordm.) on the gills 
of O. carpio, C. fossilis, Gobio fluviatilis, L. erythrophthalmus and L. rutilus 
(Europe); v. Beneden, 1861, 11, 64, 67-68, 223, pl. 7, fig. 12: on C. brama 
from Belgium—as G. elegans; Odhner, 1905, 372; Liihe, 1909 6,,11, 12, 
4 fig. 9: on L. rutilus, S. erythrophthalmus, C. carpio, G. gobio and M. fossilis 
from Europe (Germany); Bychowsky, 1933 d, 23: omits this sp. from his 
comparisons owing to insufficient data. 
-G. groenlandicus Levinsen, 1881, 78-79, pl. 3, figs. 5-6: on the gills of Cottus scorpius 
from Egedesminde. 
G. gurleyi Price, 1937 a, 118, 120, fig. 1: on the frontal fin of a Japanese fan-tail 
goldfish in N. America. 
G. japonicus Kikuchi, 1929, 182-185, figs.: on the skin and gills of Plecoglossus 
altivelis from Japan ; Yamaguti, 1940 a, 38: considers it a possible synonym 
of G. elegans Nordm. 
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G. latus Bychowsky, 1933 d, 21-22, 24, fig. 3: on the gills and fins of Cobitis taenia 
from the Caspian Sea (Volga Delta). 
G. medius Kathariner, 1894. 
Kathariner, 1894, 129, 131, 137, 141, 143, 147, 150, 158, pl. 7 figs. 3, 8: 
pl. 8, figs. 9-16, pl. 9 figs. 17-24: on Cobitis fossilis and C. carpio Europe ; 
1899, 328-329: adds a marine host, Cyprinodon sp.; Liihe, 19096, 11, 


fig. 8: on CO. carpio and M. fossilis, Europe (Germany); (non G. medius of 


Wegener, 1910—see G. bychowskyi); Cooper, 1915, 190: on the skin of 
Micropterus dolomiew from Canada—the validity of this identification is. 
questioned by Price, 1937a, 118; Baylis, 1928, 331: records this sp. on 
P. phoxinus from near Edinburgh ; Bychowsky, 1929, 20: on 50% J. tinca 
in Kostroma, U.S.8.R.; Bychowsky, 1933 d, 23, 24: on C. carpio from Aral 
and Caspian Seas; Dogiel and Bychowsky, 1933, 263: on C. carpio and 
A. brama from Aral Sea ; Markowski, 1938, 93: from Central Europe. 


Gyrodactylids which are here referred to G. medius Kath. were collected from 
the skin and gills of Ciliata [Onos] mustela (L.) from Plymouth. They were 
particularly common in the winter and early spring of 1940, and during this very 
cold season not only were the fish in aquaria suffering from congested gills infested 
with the worms, but fish in a similar condition, apparently on the verge of death, 
were caught on the shore. Many had large purulent lesions on the flanks with 
a mixed bacterial flora and occasionally ciliates, but it was thought that the 
original wound on the skin was caused by the penetrations of the hooks of 
Gyrodactylus medius, for these abounded on most of the fish except those in a 
state of collapse. The minute wounds, due to the hooklets and anchors of gyro- 
dactylids, normally do not cause serious pathological effects, but in this instance 
may have been the original cause of the infections, which ended fatally possibly 
as a result of a lowering of the resistance of the fish due to the abnormally cold 
weather. Fish caught after April 1940 only rarely harboured these parasites. One 
specimen of Onos tricirratus (Bloch), from an aquarium at Plymouth (Ist August, 
1940), was found to be infected heavily with what appeared to be the same species ; 
skin lesions were present with mixed bacterial flora and T'richodina sp. ; the worms 
were present on the gills, fins and uninjured parts of the skin. 


Worms of this species are easily distinguished from G. elegans and other common species by the 
shape of the anchors (fig. 1,d): the posterior muscle spur and cuticular bar occur much nearer the 
middle of the anchor than in most other species, and the anterior portions of the anchors curve 
ventrally and towards the median line, 7. e. in a plane at right angles to the curvature of the distal 
hooks. The pharynx shows a more distinctly bipartite structure than in @. elegans, the posterior 
portion appearing trefoil-shaped in surface view and composed of fewer and larger cells than in the 
type species. The following measurements emphasize the importance of considering the growth 
of the worms when comparing measurements of their parts—as in @. elegans, the anchors and other 
parts do not increase in simple proportion to the length of the worm. (Specimens in all collections 


were fixed under standardized conditions and pressure.) Body (incl. haptor) 375 long, anchors. 


46 » long (not including curvature in any measurement quoted in this work), pharynx 30, long 
and 35» wide. Body 285 yu long, anchors 37 » long, pharynx 37 long and 34 wide. Body 190 py 
long, anchors 39 long. Body 325, long, anchors 51 long. Body 230, long, anchors 42 p long. 
Body 305 » iong, anchors 48-5 4 long. Anchors of two damaged specimens 45 long and 50 long 
respectively. 
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G. nemachili Bychowsky, 1936, 252, fig. 1: on the gills of Nemachilus dorsalis, 
N. stoliczkai and Schizothorax pseudaksaiensis, from the River Tschu, Kirghiz. 

G. parvicopula Bychowsky, 1933 d, 19-20, 24, fig. 2 (fig. 1 e, f herein) : on the gills 
of Abramis brama from the Caspian Sea. 

G. parvus Bychowsky, 1936, 252, fig. 2: on the gills of Nemachilus stoliczkat 
from River Tschu, Kirghiz. 

G. rarus Wegener (1909), 1910, 15-16, fig. 2: on the gills of Pygosteus pungitius, 
G. aculeatus and P. platygaster from the N. Caspian; Bychowsky, 1933 d, 
24, on G. aculeatus from U.S.S.R.; Dogiel and Petruschewsky, 1933, 407 : 
on P. pungitius and G. aculeatus from Newabucht, U.S.S.R. 

G. sp. of v. Beneden, 1870, 64, pl. 3, fig. 13: on Mugil chelo Cuv. 

G. sp. of Liithe, 1909 6, 12, fig. 10: on the gills of Tinca tinca from Wiitzburg. 

G. sp. of Wegener, 1910, 16-17 (no figs.): on the gills of C. barbatula from E. 
Prussia. 

G. sp. of Linton, 1940, 2-3, pl. 14, fig. 158, on the scales of Fundulus heteroclitus 
from Woods Hole, Mass. 

G. sp. (? n. sp.) found on two specimens of Pleuronectes platessa at Plymouth, 

during February 1940 (on the gills and fins). 


This species is characterized by the shape of the anchors, the anterior region being wide and 
‘sharply bent outwards and inwards, so that the anterior border of the anchor is horizontal (fig. 1 ¢) ; 
the form of anchor is perfectly constant in all specimens, though owing to the articulating, anterior, 
portion being bent at right angles to the plane of the hook, they appear to have different shapes 
when viewed from different angles (in the figure the two anchors are shown at different angles). 
Body (including haptor) 320 » long and 140 » wide (max.), anchors, 31-5» total over all length, and 
reflexed portion of hook 18:5 long. Body 287, long, pharynx 18-5, diam. (contracted). Body 
-355 w long and 105 » wide (max.), pharynx 27 » diam., cirrus 11-5 » diam., anchors 37 u long, recurved 
portion of hook 12-8yu. Body 455 long, cirrus 12-4 uw diam., anchors 38 long. Body 200. long 
and 53 4 max. width, anchors 31 4 long and their recurved tips 12-8 long. Body 270, long and 
‘68 . max. width, anchors 40 » long and recurved tips 15-5. long. Body 290 wu long and 62-5 max. 
width, anchors 42-5 long. Two specimens mounted in situ between gill filaments had anchor 
lengths of 40» and 41-5 pu. 


G. sp. of Stunkard and Dunihue, 1933, 137: on tadpoles of Rana catesbeiana from 
U.S.A. 

G. spathulatus Mueller, 1936 a, 60, 62, figs. 1, 30, 51, 60: on the gills of Catostomus 
commersonii from Ithaca, New York. 

G. stegurus Mueller, 1937 b, 213, 3 figs.: on the gills of Fundilus diaphanus from 
U.S.A. 

G. stephanus Mueller, 1937 6, 214, 5 figs.: on the gills of F. heteroclitus from 
U.S.A. 


PROTOGYRODACTYLIDAE Johnston and Tiegs, 1922. 


Johnston and Tiegs, 1922, 87; Fuhrmann, 1928, 19, 27; Price, 1937 a, 120: 
revised diagnosis adopted below. 

Family diagnosis.—Gyrodactyloidea ; of relatively small size and about as broad 
as long; cephalic glands present which open to the exterior through well-developed 
head organs. Haptor well developed, with two pairs of anchors and a number 
eet Atay large marginal hooklets. Intestine bifurcate, the two crura may be 
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confluent posteriorly or not. Eyes present. Testes and ovary unbranched.. 
Cirrus simple, cuticular and tube-like. Vitellaria in the form of frond-like sprays. 
spreading laterally in two groups, one in front and the other behind the ovary ; 
the two transverse vitelline ducts being connected by a median longitudinal duct. 
The posterior transverse vitelline duct has a definite connection with the intestine. 
Vagina absent. Parasites of freshwater fishes. 

Type genus: Protogyrodactylus Johnston & Tiegs, 1922. 


Key to the Genera of Protogyrodactylidae (from Price, 1937). 


Posterior vitelline system double ...........0..2-ceecceesees Trivitellina. 
Posterior vitelline system single: 2.2.2.0. .siee ewes es cwace ce Protogyrodactylus. 


Protogyrodactylus Johnst. & Tiegs, 1922. 


Johnst. and Tiegs, 1922, 87; Fuhrmann, 1928, 19, 27; Price, 19387 a, 121: 
definition. 

Generic diagnosis.—Protogyrodactylidae with a broad haptor not sharply set. 
off from the body proper, strongly “‘ padded’ with cuticularized tissue and 
provided with two pairs of anchors and 12 marginal hooklets. The intestinal 
crura are not confluent posteriorly. The posterior vitelline system is single. 
and its transverse duct communicates with the intestine. . 

Type species: Protogyrodactylus quadratus Johnst. and Tiegs, 1922. 


Figures 2 a-c. 
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a-c : Protogyrodactylus quadratus—a, Complete worm—note the two vitelline systems connected by- 
median duct and the strongly cuticularized tissue in haptor supporting the marginal hooklets,. 
anchors and bars; 0, Cirrus and cirrus sac surrounded by vesicula seminalis; c, Egg—note 
central spine (after Johnston and Tiegs). 


P. quadratus Johnst. and Tiegs, 1922, 87-89, pl. 9, figs. 1-5, pl. 10, fig. 6: found. 
generally in pairs, on the gills of T’herapon carbo and 7’. hilli from Thompson. 
River, Longreach, Central Queensland, Australia. (Figs. 2 a—c herein.) 
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Trivitellina Johnst. and Tiegs, 1922. 

Johnst. and Tiegs, 1922, 89; Fuhrmann, 1928, 19, 27; Price, 1937 a, 
121: definition. 

Generic diagnosis.—Protogyrodactylidae with the body sharply set off from 
the haptor, but this is not strongly “‘ padded,” and its supporting tissue is 
not cuticularized ; it bears two pairs of anchors and 12 marginal hooklets. 
The intestinal crura are confluent posteriorly. There are two post-ovarial 
vitelline systems, one of which is connected with the intestine. 

Type species: Trivitellina subrotunda Johnst. and Tiegs, 1922. 


7’. subrotunda Johnst. and Tiegs, 1922, 89-90, pl. 10, fig. 7: on the gills of 
Therapon fuliginosus, from Thompson River, Longreach, Central Queensland,,. 
Australia. (Fig. 3 herein.) 


Figure 3. 


Trivitellina subrotunda—Complete worm—note three paired groups of vitellaria, ventral gland cells: 
near intestinal bifurcation, and special parenchyma in hind body associated with marginal hooklets. 


(after Johnston and Tiegs). 


DACTYLOGYRIDAE Bychowsky, 1933. 


Bychowsky, 1933 d, 36-37: review of GyRODACTYLIDAE Cobbold and related 
families, and the separation of Dactylogyrus Dies. from Gyrodactylus and its allies. 
; on the basis of the more highly developed head region—presence of eyes and 
usually more than one pair of head organs ; absence of viviparity, and presence 
[usually] of 14 instead of 16 marginal hooklets on the haptor, as well as the 
character of the reproductive organs (including the presence of vitellaria) in 
Dactylogyrus. This family status has been accepted by subsequent authors. 
Price, 1936, 11; 1937 a, 121: family diagnosis, adopted below, and the sub- 
division into four subfamilies ; 1938 ¢, 48. 
(Syns. GYRODACTYLIDAE Cobbold, 1864, pro parte; AMPHIBDELLIDAE Carus, 1885.) 
Family diagnosis.—Gyrodactyloidea with the anterior end having two or more 
pairs of head organs but no head lappets. Cephalic glands lateral or distributed 
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throughout the median preoral region (Bothitrema and Linguadactyla). Haptor 
with or without accessory structures or squamodiscs, and with one or two pairs 
of anchors and usually 14 marginal hooklets. Ovary globular, or may be curved, 
pretesticular. Vitellaria well developed. Vagina present or absent. Oviparous. 
Parasites of marine and freshwater fishes. 

Type genus: Dactylogyrus Diesing, 1850. 


Key to the Subfamilies of Dactylogyridae (from Price, 1937). 


1. Haptor with one pair of anchors .......cereecscccrencrccccccascsvcess 2. 
Haptor with two pairs of anchors” =. 035.22. full. oem ves vie vie vse See ee 3. 

2. Haptor with circle of heavily cuticularized tubular structures............ BorTHITREMATINAE. 
Haptor without these subsidiary structures ..........-ssseeeeeeecereees DACTYLOGYRINAE. 

3. Haptor with a pair of accessory plaques (dorsal and ventral-squamodiscs).. DIPLECTANINAE. 
Haptor without squamodises. 2... 0.0.0 eons es cen ol ons ou ebin vam ng eneed TETRAONCHINAE. 


DaACTYLOGRINAE Bychowsky, 1933. 


Bychowsky, 1933 d, 37: creates a monotypic subfamily for Dactylogyrus Dies. ; 
1936, 265-268 : includes the genus Dogielius Bychowsky ; Price, 1937 a, definition, 
adopted below. (Syn. Gyrodactylinae Montic., 1892, pro parte.) 

Subfamily diagnosis.—Dactylogyridae ; haptor without accessory cuticular 
structures and with one pair of anchors supported by one, or two, cuticular bars ; 
14 pairs of marginal hooklets. Intestine bifurcate and the crura confluent 
posteriorly. Eyes present. Testes and ovary rounded; ovary pretesticular. 
Vagina present, with or without supporting structures. 

Type genus: Dactylogyrus Diesing, 1850. 


Other genera : Neodactylogyrus Price, Dogielius Bych. 


Dactylogyrus Dies., 1850. 


Diesing, 1850, 290, 433, 650, 651-652: monotypic, with D. auriculatus 
(Nordm.) (Syn. Gyrodactylus Nordm., pro parte); 1858, 375 : diagnosis emend. ; 
Liihe, 1909 6, 10, 12; Wegener, 1910, 28-33, Key to 16 spp. of Dactylogyrus 
(and Neodactylogyrus) on pp. 56-57; Nybelin, 1925; Kulwieé, 1927, 113; 
1929 a; Fuhrmann, 1928, 9, 10, 16, 20, fig. 29 (1): comp. anat.; Bychowsky, 
1932, 269-296 ; 1933 d, 23-38; Price, 1937a, 122; 1938c, 48: diagnosis 
emend. to exclude forms with two supporting bars which are placed in a 
new genus, Neodactylogyrus Price, 1938; Mizelle, 1938 6, 49, definition prior 
to Price’s restriction; Mizelle and Donahue, 1944, 610: revert to wide 
generic concept and include Neodactylogyrus. 

Generic diagnosis.—Dactylogyrinae in which the anchors are supported by a 
single cuticular bar. The vagina may or may not have supporting structures 
cuticularized. 

Type species: Dactylogyrus auriculatus (Nordmann, 1832) Diesing, 1850. 

D., auriculatus (Nordm., 1832) Dies., 1850. 

Nordmann, 1832, 108-109, pl. 10, figs. 4-9 (as Gyrodactylus a.), type host : 
Cyprinus carpio, also on the gills of Abramis brama; Dujardin, 1845, 480, 
pl. 8, fig. H (as Gyrodactylus a.) ; Diesing, 1850, 433, 651-652 (as Dactylogyrus 
a.)—the type of the new genus; Kroyer, 1852-3, 1224: on A. brama and 
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P. aphya (as Dactylogyrus a.); Wedl, 1857, 254, 258, 259, 274, 277, pl. 3, 
: figs. 27-31: (as Gyrodactylus auriculatus and G. auricularis) on the gills of 
| C. carpio and A. brama; Dies., 1858 e, 375-376 : considers that G. auwriculatus 
of Duj., 1845, is a distinct species, and renames it D. dujardinianus ; also 
states the synonymy of G. auriculatus and G. auricularis of Wedl, with 
Dactylogyrus auriculatus (Nordm.) Dies.; 1859 a, 440: considers G. auricu- 
latus of v. Beneden, 1858, to be a probable syn. of D. dujardinianus ; 
v. Beneden, 1861, 64, 66-67, pl. 7, figs. 9-11: (as Gyrodactylus a.) on the gills 
of A. brama from Belgium ; Liihe, 1909 6, 18: (as D. auricularis) ; Wegener, 
1910, 55, 56, text-figs. 42, 43: systematics, and cf. with D. anchoratus ; 
Dogiel and Bychowsky, 264: on the gills of C. carpio and Carassius auratus 
from the Aral Sea; Nybelin, 1937, 1-8, 16, figs. 8, 9, 11: discusses the 
identity of D. auriculatus (Nordm.) and gives a new diagnosis, on the gills 
of A. brama from Sweden; Price, 1937 a, 122: syst.; 1938c, 48: as the 
type of Dactylogyrus Dies. (sensu Price, 1938 c). (Fig. 4c herein.) 


Figures 4 a-k. 
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ab: Dactylogyrus vastator—a, Complete worm; 6, two views of copulatory apparatus (after 
Bychowsky). ¢, D. auriculatus—Anchor and bar (after Nybelin). d-h : D. moorthyi—d, Anchor ; 
e, Haptoral bar; f, Hooklet; g, Male copulatory apparatus; h, Vagina (after Price). 1-k: 
D. anchoratus—i, Anchor (from Carassius carassius); j, Anchor (from Cyprinus carpio); k, 
Copulatory apparatus (from Cyprinus carpio) (after Bychowsky). 


D. amphibothrium Wagener, 1857. 

Wagener, 1857, 57, 58, 60, 66, 70, pl. 11, figs. 3-4, pl. 15, fig. 11: on the 
gills of Acerina cernua (Europe) ; Diesing, 1858 e, 377; Liihe, 19096, 13, 
fig. 12: on the gills of A. cernua from Germany; Wegener, 1910, 51-53, 
figs. 37-38, pl. 7, fig. 4: on the gills of A. cernua from E. Prussia (non D. 

_amphibothrium of v. Linstow, 1878, 1229-1230, fig. 15); Fuhrmann, 1928, 

12, 13, fig. 17; Bychowsky, 1933 6, 244, 245: emphasizes host specificity ; 
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1934, 203-204: on the gills of A. cernua from Lk. Beloje; I. Bychowsky, 
1936, 128, 129: on A. cernua, 86-7%, 40%, 86:°7% from various Karelian 
Lks., U.S.S.R.; Sachwatkin, 1936, 180: on A. cernua, 100% and on L. 
leuciscus from R. Kama, Perm, U.S.S.R.; Nybelin, 1937, 16, on the gills of 
A. cernua from Sweden. 

anchoratus (Dujardin, 1845) Wagener, 1857. 

Dujardin, 1845, 480-481, pl. 8, fig. j (as Gyrodactylus a.). Type host: 
‘Carpe’ (=Cyprinus carpio) from Rennes, France; Diesing, 1850, 432: 
(as Gyrodactylus a.), states reason for placing it in this genus is that it has 
4 eyes and a 4-dentate acetabulum: on the gills of C. carpio; 1858 e, 376; 
Wagener, 1857, 49, 52, 55, 62, 99, pl. 15, fig. 8 (as Dactylogyrus a.); Liihe, 
1909 b, 13, fig. 12: on the gills of C. carpio from Vienna; Wegener, 1910, 
53-56, fig. 39, 40-43, on the gills of C. carpio and Carassius carassius from 
E. Prussia ; Kulwieé, 1927: on C. carassius from Poland; 1929a; Bychow- 
sky, 1929, 20-21, fig. 1 (anchors): on R&R. rutilus, 315% and C. carassius, 
50%, from Kostroma, U.S.S.R.; 1932, 271-275, figs. 14: on C. carpio 
from U.S.S.R.; Stoljarov, 1934, 343-351: bionomics of distribution on 
C, carpio, C. carassius and T’. tinca from Ropscha, U.S.8.R.; Mueller, 1936 a, 
56, figs. 59, 65: on C. auratus from N.Y. ; Nybelin, 1937, 3, 8, 16: on the gills 
of C. carpio, C. carassius and C. ¢. humilis from Sweden. (Figs. 4 7-k herein.) 


. apogonis Yamaguti, 1940 a, 39-41, figs. 1-3: on the gills of Apogon semilineatus 


from Hamazama, Mie, Japan. 


. atromaculatus Mizelle, 1938 a, 468, figs. 29-33; 1938 6, 54, figs. 154-158: on 


the gills of Semotilus atromaculatus from Illinois, N. America. 


. banghami Mizelle and Donahue, 1944, 610-611, pl. 2, figs. 3142: on Notropis 


cornutus from Proulx Lk., Algonquin Pk., Ontario. 


. bint Kikuchi, 1929, 175, figs. : on the gills of Anguilla gaponica from Japan. 
. bullosus Mizelle and Donahue, 1944, 612-613, pl. 2, figs. 24-30: on NV. cornutus 


from Proulx Lk., Algonquin Pk., Ontario. 


. bychowskyi Mizelle, 1937, 613-614, figs. 1-5: on the gills of Hyborhynchus 


notatus from Illinois; 1938 b, 49-51, figs. 118-122: on the gills of H. notatus 
from Illinois. 


. chalcalburni Dogiel & Bychowsky, 1933, 279-280, fig. 20: on the gills of 


Chalcalburnus chalcoides from the Aral Sea. 


. chondrostomi Malevitskaja, 1941, 270, figs. 2a, c, e, f: on Chondrostoma nasus 


from the Dnjepr region, U.S.S.R. 


. cordus Nybelin, 1937, 26-28, figs. 26-28: on the gills of Leuciscus leuciscus and 


LI. idus from Sweden. 


. crassus Kulwiec, 1927. 


Kulwie¢, 1927, 136-138, on Cyprinus carpio from Poland; Bychowsky, 
1932, 280, 285, 286, 287, 292, 293, 295, 296, fig. 8: comparisons (and tabular 
data) with D. vastator and D. intermedius, on the gills of Carassius carassius 
from N.W. of U.S.S.R.; 1933 6, 245: regarding host specificity ; Nybelin, 
1937, 13-14: confirms Bychowsky’s suggestion that this sp. may be a synonym 
of D. vastator Nybelin, 1924. 

cyprint Buschkiel, 1930, 121-129, figs. 1-6: on the gills of Cyprinus carpio 
from Java. 
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D. drjagini Bychowsky, 1936 a, 258-260, figs. 9-10: on the gills of Diptychus 
dybowskii from the River Tschu, Kirghiz. 

D. dujardinianus (Diesing, 1850) Dies., 1858. 

Dujardin, 1845, 81, 186, 531, 630 (as Gyrodactylus auriculatus) ; Diesing, 
1850, 432: creates n. sp. for G. auriculatus of Duj. (as Gyrodactylus d.), on 
the gills of C. carpio and L. rutilus (Diesing’s reason for placing this sp. in 
Gyrodactylus was that it has 4 eyes and an 8-dentate acetabulum); 1858 e, 
376: transfers the sp. to Dactylogyrus; 1859, 440; v. Beneden, 1858, 66, 
pl. 7, figs. 9-11: (as Gyrodactylus auriculatus), on the gills of A. brama from 
Belgium (according to Dies., 1858); Stiles & Hassall, 1908, 145: report this 
sp. from A. brama (Taschenberg: Mediterranean region); Cyprinus gibelio, 
Leuciscus idus and L. prasinus (no refs.) ; Nybelin, 1937, 2. 

D. elongatus Jacob, 1940, 161-162, on the gills of Leuciscus idus. 

D. extensus Mueller & Van Cleave, 1932, 98-99, figs. 12-17: on the gills of C. 
carpio from Oneida Lk., New York; Mueller, 1936 a, 56, fig. 22: emended 
description of copulatory complex. 

D. falcatus (Wedl, 1857) Dies., 1858. 

Wedl, 1857, 258-274, pl. 4, figs. 48-50: (as Gyrodactylus f.) on the gills of 
C. carpio (Europe) ; Dies., 1858 e, 377 (as Dactylogyrus f.) ; Liihe, 1909 b, 15, 
fig. 19: on cyprinoids from Vienna; Wegener, 1910, 43, text-figs. 23-24 : 
(as Dactylogyrus f.) on the gills of Blicca bjoerkna from EK. Prussia; Dogiel 
& Petruschewsky, 1933, 406-407: on A. brama from Newabucht, U.S.S.R. ; 
Dogiel & Bychowsky, 1933, 264-266, fig. 5: on A. brama from the Aral Sea ; 
Nybelin, 1937, 5, 6-7, 16, fig. 10: on A. brama from Sweden. 

D. fallax Wagener, 1857. 

Wagener, 1857, 55, 70, pl. 11, figs. 1-2, pl. 15, fig. 7: on the gills of C. 
erythrophthalmus and C. rutilus; Dies., 1858 e, 376-377; Tasch. 1879, 261: 
on the gills of L. erythrophthalmus, and L. rutilus (Europe) ; Stiles & Hassall, 
1908, 146: record the following hosts (no refs.): L. adus, L. prasinus ; Liihe, 
1909 b, 14-15, fig. 18: on the gills of L. rutilus and S. erythrophthalmus from 
Germany ; Wegener, 1910, 49-50: text-figs. 34-35: on the gills of L. rutilus, 
S. erythrophthalmus, and B. bjoerkna from E. Prussia; Bychowsky, 1929, 
21-22, fig. 3 (haptoral bars): notes: on A. rutilus 42:1%, L. idus 71-4%, 
T. tinca 75%, B. bjoerkna 60%, P. cultratus 100%, C. carassius 50%, and 
C. carpio 100% from Kostroma, U.S.8.R.; Dogiel & Petruschewsky, 1933, 
407: on R. rutilus and B. bjoerkna from Newabucht, U.S.S.R.; Sachwatkin, 
1936, 189: on L. leuciscus from R. Kama, U.S.S.R.; Nybelin, 1937, 16: 

‘ on the gills of L. rutilus and S. erythrophthalmus from Sweden. 

D. formosus Kulwiec, 1927. 

Kulwie¢é, 1927, 130-132: on the gills of Cyprinus sp. from Poland ; 

| Bychowsky, 1932, 287-289, fig. 9: from Peterhof, U.S.S.R.; 19336, 245: 
on C. carassius from U.S.8.R. ; Nybelin, 1937, 17: on the gills of C. carassius 
{ and C. c. humilis from Sweden. 
| D. intermedius Wegener, 1909. 
Wegener (1909), 1910, 41-42, text-figs. 18-22, on the gills of C. carassius 
from E. Prussia ; Fuhrmann, 1928, fig. 22c; Kulwiec, 1927: on C. carassius 
from Poland; Bychowsky, 1932, 275-279, figs. 5-6: on C. carassius from 
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Peterhof, U.S.S.R.; Nybelin, 1937, 14, 17: (as probably synonymous with 
D. crassus, or D. vastator Nyb.) from Sweden on C. carassius. 

D. inversus Goto & Kikuchi, 1917. 

Goto & Kikuchi, 1917, 1-13, pl. 1, figs. 1-10: on the gills of Lateolabrax 
japonicus from Japan; Fuhrmann, 1928, 9, fig. 11; Yamaguti, 1938, 16, 
pl. 3, fig. 1: on the gills of L. japonicus from Japan; Ishii & Sawada, 1938, 
231-232: on the gills of L. japonicus and Scomber japonicus, Japan; Brink- 
mann, 1940, 17-18: «cf. with Linguadactyla molve Br., and notes that D. 
inversus is the largest member of the subfamily—2-5 mm. long. 

D. linstowi Bychowsky, 1936 a, 256-258, figs. 6-8: on the gills of Schizothorax 
pseudaksaiensis and Barbus brachycephalus from the River Tschu, Kirghiz. 

D. longicopula Bychowsky, 1936 a, 254-256, figs. 3-5: on the gills of S. pseud- 
aksaiensis from R. Tschu, Kirghiz. 

[D. major Wagener, 1857, 99, pl. 15, fig. 9: on the gills of Gobius fluviatilis; Liihe, 
1909 6b, 17: as a nomen nudum; Price, 1938 c, 48: as probably a nomen 
nudum. | 

D. meridionalis Bychowsky, 1936 a, 261-263, figs. 13-14: on the gills of Nemachilus 
stoliczkat and N. dorsalis from the River Tschu, Kirghiz. 

D. microphallus Mueller, 1938, 225, pl. 4, figs. 11-14: on the gills of Semotilus 
atromaculatus from New York. 

D. minutus Kulwiec, 1927. 

Kulwie¢, 1927, 134-135 : on the gills of C. carpio from Poland ; Bychowsky, 
1933 6, 245: on host specificity; Nybelin, 1937, 8, 18: on the gills of 
C. carpio from Sweden, and cf. with D [Neodactylogyrus] mollis. 

D. moorthyi Price, 1938 c, 48, fig. 18 A-E: on the gills of Puntius puckelli and 
P. ticto from the Chitaldrug, Mysore State, India. (Figs. 4 d—/ herein.) 

D. nanus Dogiel & Bychowsky, 1933. 

Dogiel & Bychowsky, 1933, 277-279, figs. 18-19: on the gills of R. rutilus 
from the Aral Sea; Dogiel & Petruschewsky, 1933, 407: on A. brama from 
Newabucht, U.S.S.R.; Sachwatkin, 1936, 193: on R. rutilus—12-5%—from 
R. Kama, U.S.S.R. 

[D. paradoxus (Creplin, 1839) of Dogiel & Bychowsky, 1933, 283 (see Ancyrocephalus 
paradoxus Crepl. (type species) present comb. probably in error (?)) on the 
gills of Z. lucioperca from Aral Sea. ] 

D. pollex Mizelle & Donahue, 1944, 614-615, pl. 2, figs. 483-49 ; on Notropis cornutus 
from Proulx Lk., Algonquin Pk., Ontario. 

D. puntii Buschkiel, 1930, 130-133, figs. 7-9: on the gills of Puntius lateristriga 
from Java. 

D. robustus Malevitskaja, 1941, 271, figs. 4a, c, e, f: on the gills of L. tidus and 
A. aspius from the region of the Delta and middle waters of Dnjepr River. 

[D. silurt Wagener, 1857 (also as D. siluri glanidis); on the gills of Silurus glanis 
(Europe); Braun, 1890, 544, 549, 552; Liihe, 19096, 17—as a doubtful 


Species; since no adequate description exists, this must be regarded as a. 
nomen nudum. | re At 


D. similis Wegener, 1909. 
Wegener (1909), 1910, 48-49, text-figs. 32-33 : on the gills of L. rutilus 
from E. Prussia; Fuhrmann, 1928, fig. 22a; Dogiel & Petruschewsky, 
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1933, 407: on R. rutilus from Newabucht, U.S.S.R.; Nybelin, 1937, 18, 27: 
on the gills of R. rutilus from Sweden; Brinkmann, 1940, 17: cf. with 
Linguadactyla molvae—similarity of copulatory organs. 

D. simplex Bychowsky, 1936 a, 260-261, figs. 11-12: on the gills of Diptychus 
dybowskii from the River Tschu, Kirghiz; non D. simplex Mizelle, 1937 
[=DNeodactylogyrus s. (Mizelle) Price, 1938]. 

D. sphyrna Linstow, 1878. 

Linstow, 1878, 229, fig. 14: on the gills of A. wwmba; Liihe, 1909 b, 13, 
fig. 13: on the gills of A. brama from Germany; Wegener, 1910, 46-47, 
text-figs. 29-30, pl. 7, fig. 3: on the gills of A. vimba and B. bjoerkna from 
HK. Prussia ; Fuhrmann, 1928, fig. 226; Bychowsky, 1929, 21, fig. 2: on R. 
rutilus 5-2%, and B. bjoerkna 30% from Kostroma, U.S.S.R.; Bychowsky, 
1934, 205, on B. bjoerkna (66%) from Lk. Beloje, U.S.S.R.; 1933 6, 247: on host 
specificity : on B. bjoerkna and R. rutilus from U.S.S.R. ; Dogiel & Bychowsky, 
1933, 268: on R. rutilus from the Aral Sea; Dogiel & Petruschewsky, 1933, 
407: on R. rutilus, B. bjoerkna and A. brama from Newabucht, U.S.S.R. ; 
I. Bychowsky, 1936, 128: on R. rutilus 33% from Karelian Lks., U.S.S.R. ; 
Sachwatkin, 1936, 193: on R. rutilus 31-2% from R. Kama, U.S.S.R. 

D. sp. of Sachwatkin, 1936, 191: (non descr.) on L. idus from R. Kama, U.S.S.R. 

D. sp. of Wegener, 1910, 44, text-figs. 25-27: on the gills of B. bjoerkna from 

: K. Prussia; Nybelin, 1937, 6, 8: considers this to be conspecific with 
Dactylogyrus wunderi Bych. [=Neodactylogyrus w. (Bych.) Price, 1938], which 
he finds closely related to D. auriculatus (Nordm.). 

{D. trigonodistoma Wagener, 1857: on the gills of Leuciscus rutilus ; Liithe, 1909 6, 
17: regards this inadequately described species as a nomen nudum.] 

D. tenax Mueller, 1938, 225, pl. 4, figs. 25-28: on the gills of Semotilus atromaculatus 
from New York. 

D. tuba Linstow, 1878. 

Linstow, 1878, 228, fig. 12: on the gills of Squaliws leuciscus (Europe) ; 
Liihe, 1909 b, 14, fig. 17: on the gills of L. leuciscus from Germany ; 
Bychowsky, 1933 6, 245: on host specificity ; Dogiel & Bychowsky, 1933, 
266-268, figs. 6-9: on the gills of Aspius aspius and L. leuciscus from Aral 
Sea; Sachwatkin, 1936, 191: on L. idus 30% from R. Kama, U.S.S.R. ; 
Nybelin, 1937, 2, 18, 16: on L. tidus and A. aspius from Sweden: cf. with 
D. cordus. 

D. uncinatus Wagener, 1857, pl. 13, fig. 2: on the gills of Perca fluviatilis (Europe). 


' D. vastator Nybelin, 1924. 


Nybelin, 1924, 1-2, figs.: on the gills of C. carpio from Sweden; Kulwieé, 
1929: on C. carpio from Poland; Spiczakow,: 1930; Bychowsky, 1929, 
3-27 ; 1932, 279-285, 295, text-fig. 7, pl. 1, figs. 1-5: on the gills of C. carpio 
and Carassius carassius from U.S.8.R.: states that D. crassus Kulwieé, 
1927, is synonymous with this sp., and confirms Nybelin’s observations on 
winter and summer eggs; Stoljarov, 1934, 343-351: bionomics of distribu- 
tion on C. carpio and C. carassius from Ropscha, U.S.S.R.; Nybelin, 1937, 
8, 13-14, 18: states syns.: D. intermedius Wegener and D. crassus Kulwieé ; 
Yamaguti, 1940 a, 38-39, pl. 1, figs. 2-3: redescr., on the gills of C. carassius 


and Cyprinus sp. from Kyoto, Japan. (Figs. 4 a-0, herein.) 
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D. wegenert Kulwiec, 1927. 

Kulwie¢é, 1927, 132-134: on the gills of Cyprinus sp. from Poland ; 
Bychowsky, 1932, 290-293, 296, figs. 10-12: from U.S.S.R.; Nybelin, 1937, 
18-19: on C. carassius and C. c. humilis from Sweden. 

Neodactylogyrus Price, 1938. 
Price, 1938 c, 49 (Syn. Dactylogyrus Dies. partim). 


Diesing, 1858, 377, separates the Dactylogyrus spp. with two bars as a distinct group from those 
with one bar, but he did not name these groups. Mizelle and Brennan, 1942, 144, quote a relevant. 
paper by Kempel (1939) which was published privately. Mizelle & Donahue, 1944, 601: reject the 
genus Neodactylogyrus Price, ‘‘ because the presence of the vestigial ventral bar . . . is differentially 
developed, not always visible in fixed specimens, and results in unnecessary synonymy. Possibly 
another character would better serve for generic fission.” 


Generic diagnosis.—Dactylogyrinae in which the anchors are supported by two- 
cuticular bars, which may be similar or dissimilar. Other characters as in 
Dactylogyrus Dies. 1850, sensu emend., Price, 1938. 

Type species: Neodactylogyrus megastoma (Wagener, 1857), Price, 1938. 

N. acus (Mueller, 1938), Price, 1938. 

Mueller, 1938, 224, pl. 4, figs. 6-10: (as Dactylogyrus a.) on the gills of 
Notropis cornutus and Campostoma anomalum from New York ; Price, 1938 c, 
48 (as Neodactylogyrus a.) 

N. affinis (Bychowsky, 1933), Price, 1938. 

Bychowsky, 1933 d, 26-28, figs. 7-8: (as Dactylogyrus a.) on the gills of 
Barbus brachycephalus Kessler from the Caspian Sea; Price, 1938c¢, 49: 
(as Neodactylogyrus a.). (Figs. 5 d—f herein.) 

N. alatus (Linstow, 1878), Price, 1938. 

Linstow, 1878, 227, fig. 10: (as Dactylogyrus a.) on the gills of B. bjoernka 
and Alburnus lucidus (Europe); Liihe, 1909 6, 13-14, fig. 15: on the gills of 
A. bjoerkna from Germany (as Dactylogyrus a.) ; Wegener, 1910, 454, text-fig. 
28 (as Dactylogyrus a.); Bychowsky, 1929, 21: notes—on B. bjoerkna 10%. 
from Kostroma, U.S.S.R.; 1933 6, 249, 250 (as Dactylogyrus a.): chief host 
B. bjoerkna, supplementary host A. alburnus; Nybelin, 1937, 15: on the 
gills of A. alburnus from Sweden (as Dactylogyrus a.); Price, 1938 c, 49 (as. 
Neodactylogyrus a.). 

N. amblops (Mueller, 1938) Price, 1938. 

Mueller, 1938, 226-227, pl. 3, figs. 28-34: (as Dactylogyrus a.) on the gills. 

of Hybopis amblops from New York ; Price, 1938 c, 49: (as Neodactylogyrus a.). 
N. apos (Mueller, 1938) Price, 1938. 

Mueller, 1938, 224, pl. 4, figs. 15-24: (as Dactylogyrus a.) on the gills of 
Hypentelium nigricans from New York; Price, 1938c¢, 49 (as Neodactylo- 
gyrus a.). 

N. bicornis (Malevitskaja, 1941), n. comb. 

Malevitskaja, 1941, 269-270, figs. 1 a, b, c, d, e: (as Dactylogyrus b.), on the- 
gills of Rhodeus sericeus from Kiew and Dnjepropetrowsk, U.S.S.R.; here 
transferred to Neodactylogyrus on account of the two supporting bars to the 
anchors. 

N. bifurcatus (Mizelle, 1937) Price, 1938. 

Mizelle, 1937, 615-616, figs. 6-11: (as Dactylogyrus 6.) on the gills of 
Hyborhynchus notatus from Illinois, N. America ; 1938 6, 51-52, figs. 123-128 = 
(as Dactylogyrus b.); Price, 1938 c, 49 (as Neodactylogyrus b.). — 


: 
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N. borealis (Nybelin, 1937) Price, 1938. 

Nybelin, 1937, 12-13, 16, figs. 24-25: (as Dactylogyrus b.) on the gills of 

Phoxinus phoxinus from Sweden ; Price, 1938 c, 49 (as Neodactylogyrus b.). 
N. bulbus (Mueller, 1938) Price, 1938. 

Mueller, 1938, 227-228, pl. 3, figs. 23-27: (as Dactylogyrus b.) on the gills of 
Notropis cornutus from Chautauqua Lk., New York; Price, 1938 c¢, 49: (as 
Neodactylogyrus b.); Mizelle & Donahue, 1944, 611-612, pl. 2, figs. 13-23 : 
(as Dactylogyrus b.) from N. cornutus, Proulx Lk., Algonquin Pk., Ontario. 


Figures 5 a-f. 


Le renege 


0-01 manu, 


a-c: Neodactylogyrus wunderi—a, Anchor and haptoral bars; 6, Male copulatory apparatus; c, 
Vagina (after Nybelin). d-f: NV. affinis—d, Anchor and haptoral bars ; e, Copulatory apparatus ; 
f, Vagina (after Bychowsky). 


N. chranilowi (Bychowsky, 1933) Price, 1938. 

Bychowsky, 1933 d, 23-26, figs. 5-6: (as Dactylogyrus c.) on the gills of 
Abramis ballerus from the Caspian Sea (Volga Delta); 1933 6, 247: on host 
specificity (as Dactylogyrus c.); Price, 1938 c, 49: (as Neodactylogyrus c.). 

N. confusus (Mueller, 1938) Price, 1938. ; 

Mueller, 1938, 224-225, pl. 4, figs. 1-5: (as Dactylogyrus c.) on the gills of 

Clinostomus elongatus from New York; Price, 1938c, 49 : (as Neodactylogyrus c.). 
N. cornu (Linstow, 1878) Price, 1938. 

Linstow, 1878, 228-229, fig. 13: (as Dactylogyrus c.) on the gills of 
A. vimba (Europe) ; Liihe, 1909 6, 17, fig. 26: (as Dactylogyrus c.) from the 
gills of A. vimba from Germany; Wegener, 1910, 39-40, figs. 16-17: (as 
Dactylogyrus c.) on B. bjoerkna from E. Prussia ; Bychowsky, 1929, 22, fig. 5 
(haptoral bars): notes—on R. rutilus 5-2% A. brama 25% from Kostroma, 
U.S.S.R.; 1933 6, 247: host specificity—on A. brama and R. frisia from 
U.S.S.R. (as Dactylogyrus c.); Dogiel & Petruschewsky, 1933, 407: (as 
Dactylogyrus c.) on B. bjoerkna, A. brama and V. vimba from Newabucht, 
U.S.S.R. ; Sachwatkin, 1936, 189: on L. leuciscus from R. Kama, U.S.S.R. ; 
Nybelin, 1937, 16: (as Dactylogyrus c.) on B. bjoerkna from Sweden ; Price, 
1938 c, 49: (as Neodactylogyrus c.). 
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N. cornutus (Mueller, 1938) Price, 1938. 
Mueller, 1938, 228, pl. 3, figs. 7-12: (as Dactylogyrus c.) on the gills of 
Notropis cornutus from Chautauqua Lk., New York; Price, 1938 c, 49: (as 
Neodactylogyrus c.); Mizelle & Donahue, 1944, 613, pl. 2, figs. 50-53: (as 
Dactylogyrus c.) on N. cornutus from Algonquin Pk., Ont., redescribed. 
N. crucifer (Wagener, 1857) Price, 1938. 

Wagener, 1857, 55, 60, 63, 73, pl. 14, fig. 3: (as Dactylogyrus c.) on C. 
erythropththalmus ; Diesing, 1858, 377-378 : (as Dactylogyrus c.) ; Liihe, 1909 b, 
16-17, fig. 24: (as Dactylogyrus c.) on L. rutilus and S. erythrophthalmus 
from Germany ; Wegener, 1910, 38-39, text-fig. 15: (as Dactylogyrus c.) on 
S. erythrophthalmus from E. Prussia ; Bychowsky, 1933 6, 247 : host specificity 
—on A. brama, B. bjoerkna, S. erythrophthalmus and Alburnus alburnus from 
U.S.S.R. (as Dactylogyrus c.); Dogiel & Petruschewsky, 1933, 407: (as 
Dactylogyrus c.) on R. rutilus and B. bjoerkna from Newabucht, U.S.S.R. ; 
Dogiel & Bychowsky, 1933, 280: (as Dactylogyrus c.), on R. rutilus from the 
Aral Sea; Bychowsky, 1934, 204: (as Dactylogyrus c.) on Scardinius sp. 
and R. rutilus (40%) from Lk. Beloje, U.S.S.R.; Sachwatkin, 1936, 191: on 
L. idus 60%, and R. rutilus 81-2% from R. Kama, U.S.8.R.; I. Bychowsky, 
1936, 125-129: on R. rutilus 86-7%, 26-°7%, 80%, 80%, from various 
Karelian Lks., U.S.S.R.; Nybelin, 1937, 11, 16: (as Dactylogyrus c.)—ef. 
with NV. suecicus—on R. rutilus from Sweden ; Price, 1938 c, 49: (as Neodactylo- 
GyTUs C.). 

NV. cryptomeres (Bychowsky, 1934) Price, 1938. 

Bychowsky, 1934, 195-200, figs. 14: (as Dactylogyrus c.) on C. carpio, 
C. carassius, G'. gobio from Lk. Beloje, U.S.S.R. ; 1933 b, 245: host specificity, 
on G. gobio from the Dnjepr region (as Dactylogyrus c.): Price, 1938 ¢, 49: 
(as Neodactylogyrus c.). 

NV. difformis (Wagener, 1857) Price, 1938. 

Wagener, 1857, 63, 99, pl. 15, figs. 1-3: (as Dactylogyrus d.) on L. erythro- 
phthalmus (Kurope); Diesing, 1858 e, 378: (as Dactylogyrus d.); Liihe, 
1909 6, 15-16, fig. 21: (as Dactylogyrus d.) on S. erythrophthalmus from 
Germany; Wegener, 1910, 34-36, text-fig. 11 3 (as Dactylogyrus d.), on Squalius 
cephalus and Cyprinus sp. from E. Prussia; Bychowsky, 1933 b, 245, 247: 
(as Dactylogyrus d.): host specificity—on A. brama, S. erythrophthalmus, 
L. cephalus, and A. alburnus from the Volga Delta ; Dogiel & Petruschewsky, 
1933, 407: (as Dactylogyrus d.) on B. bjoerkna from Newabucht, U.S.S.R. ; 
I. Bychowsky, 1936, 127: on S. erythrophthalmus 13-4%, 79:2% and 100% 
from various Karelian Lks., U.S.S.R.; Nybelin, 1937, 13, 16: (as Dactylo- 
gyrus d.)\—cf. with N. borealis—on S. erythrophthalmus from Sweden ; Price, 
1938 c, 49: (as Neodactylogyrus d.). 

N. distinguendus (Nybelin, 1937) Price, 1938. . 

Nybelin, 1937, 12, 16, figs. 18-20: (as Dactylogyrus d.) on B. bjoerkna 

from Sweden—cf. with NV. fraternus—; Price, 1938 c, 49: (as Neodactylogyrus d.). 
N. duquesni (Mueller, 1938) Price, 1938. 

Mueller, 1938, 225, pl. 5, figs. 18-25: (as Dactylogyrus d.) on Moxostoma 

duquesnii from New York ; Price, 1938 c, 49: (as Neodactylogyrus d.). 
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N. fraternus (Wegener, 1909) Price, 1938. 

Wegener (1909), 1910, 36-37, text-figs. 12-13: (as Dactylogyrus f.) on A. 
alburnus from EK. Prussia ; Bychowsky, 19335: host specificity—main host 
A. alburnus, supplementary host L. cephalus—trom U.S.S.R. (as Dactylogyrus 
f.); Nybelin, 1937, 10, 12, 17: (as Dactylogyrus f.)—cf. with N. gemellus and 
N. distinguendus—on A. alburnus from Sweden; Price, 1938c, 49: (as 
Neodactylogyrus f.). 

N. frisii (Bychowsky, 1933) Price, 1938. 

Bychowsky, 1933 d, 28-29, figs. 9-10: (as Dactylogyrus f.) on Rutilus frist 
kutum (Kamensky) from the Caspian region, U.S.S.R.; Price, 1938 c, 49: (as 
Neodactylogyrus f.). 

N. fulerum (Mueller, 1938) Price, 1938. _ 

Mueller, 1938, 228, pl. 5, figs. 26-32 : (as Dactylogyrus f.) on Notropis cornutus 

from New York; Price, 1938 c, 49: (as Neodactylogyrus f.). 
NV. gemellus (Nybelin, 1937) Price, 1938. 

Nybelin, 1937, 10-11, 17, 27, figs. 15-17: (as Dactylogyrus g.) on R. 
rutilus from Sweden—cf. with N. fraternus and N. suecicus; Price, 1938 c, 
49: (as Neodactylogyrus g.). 


NN. gracilis (Wedl, 1861) Price, 1938. 


Wedl, 1861, 480, pl. 3, figs. 41-42: (as Dactylogyrus g.) on Hydrocyon dentea 

(Europe) ; Price, 1938 c, 49: (as Neodactylogyrus g.). 
N. haplogonus (Bychowsky, 1933) Price, 1938. 

Bychowky, 1933 d, 30-32, figs. 13-14: (as Dactylogyrus h.) on V. vimba 
persa from the Caspian region, U.S.8S.R.; Price, 1938 ¢, 49: (as Neodactylo- 
gyrus h.). 

N. kulwieci (Bychowsky, 1933) Price, 1938. 

Bychowsky, 1931, 237-239, figs. 5-6: (as Dactylogyrus culwiect) on Barbus 
brachycephalus Kessl, and B. bulatmai Hall, from the Aral Sea; 1933 d, 
26-27 :—cf. with N. affinis—and changes the spelling of specific name to 
D. kulwieci ; 1933 6, 245-246: host specificity: both hosts from Caspian 
and Aral Seas (as Dactylogyrus c.); Dogiel & Bychowsky, 1933, 281-282, 
figs. 24-26: (as Dactylogyrus k.), on B. brachycephalus and B. capito from the 
Aral Sea; Price, 1938 c, 49: (as Neodactylogyrus k.). 

N. macracanthus (Wegener, 1909) Price, 1938. . 

Wegener (1909), 1910, 50-51, text-fig. 36: (as Dactylogyrus .m.) on Tinca 
tinca from E. Prussia; Wilde, 1937, 203-236, figs. 140: (as Dactylogyrus 
m.) on 7’. tinca from Germany: morphology, development, control, etc. ; 
Nybelin, 1937, 17: on the gills of 7. tinca from Sweden (as Dactylogyrus m.) ; 
Price, 1938 ¢, 49: (as Neodactylogyrus m.). 

N. malleus (Linstow, 1877) Price, 1938. | 
Linstow, 1877, 182, pl. 12, figs. 12-13: (as Dactylogyrus m.) on Barbus fiuvi- 
atilis (Europe); Sramek, 1901, 95, 110, fig. 64: (as Dactylogyrus m.); Liihe, 


1909 b, 16, fig. 23: (as Dactylogyrus m.) on B. barbus from Germany ; 


Bychowsky, 1933 b, 245, 246: host specificity (as Dactylogyrus m.); Dogiel 
_ & Bychowsky, 1933, 276-277, figs. 16-17: (as Dactylogyrus m.) on B. brachy- 
_ cephalus from the Aral Sea; Price, 1938 c, 49: (as Neodactylogyrus m.). 

ene Mal . 2r2 
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N. megastoma (Wagener, 1857) Price, 1938. Type species. 

Wagener, 1857, 57, 62, 67, 99, pl. 14, figs. 5-6, pl. 36 A, figs. 2-3: (as 
Dactylogyrus m.) on C. blicca, Rhodeus amarus (Europe); Diesing, 1858 e, 
378: (as Dactylogyrus m.); Liihe, 1909 6, 13, fig. 14: (as Dactylogyrus m.) 
on R. amarus from Germany ; Price, 1938 c, 49: (as Neodactylogyrus m.). 

N. micracanthus (Nybelin, 1937) Price, 1938. 

Nybelin, 1937, 9, 17, figs. 12-14: (as Dactylogyrus m.) on R. rutilus from 

Sweden—cf. with NV. parvus ; Price, 1938 c, 49: (as Neodactylogyrus m.). 
N. minor (Wagener, 1857) Price, 1938. 

Wagener, 1857, 60, 63, pl. 14, fig. 4: (as Dactylogyrus m.) on C. alburnus 
(Europe); Diesing, 1858 e, 378: (as Dactylogyrus m.); Stiles & Hassall, 
1908, 146: report the following hosts: Alburnus lucidus, B. bjoerkna (no 
refs.)—as Dactylogyrus m.; Liihe, 1909 6, 16, fig. 22: (as Dactylogyrus m.) 
on A. alburnus and A. bjoerkna from Germany; Wegener, 1910, 37-38, fig. 
14: (as Dactylogyrus m.) on A. alburnus from E. Prussia; Bychowsky, 
1933 b, 249: host specificity—chief host A. alburnus, and supplementary 
host B. bjoerkna—(as Dactylogyrus m.); Dogiel & Bychowsky, 1933, 280, 
figs. 21-22: (as Dactylogyrus m.); Dogiel & Petruschewsky, 1933, 406-407 : 
on A. alburnus from Newabucht, U.S.S.R.; Nybelin, 1937, 17: (as Dactylo- 
gyrus m.), on A. alburnus from Sweden; Price, 1938 c, 49: (as Neodactylo- 
gyrus m.). 

N. mollis (Wedl, 1857) Price, 1938. 

Wedl, 1857, 258-274, pl. 4, fig. 51: (as Gyrodactylus m.) on C. carpio 
(Europe); Diesing, 1858, 378-379: (as Dactylogyrus m.); Liihe, 1909 6, 15, 
fig. 20: (as Dactylogyrus m.) on C. carpio from Vienna; Bychowsky, 1929, 
22, fig. 4 (anchors and bars): notes on (?) this sp. from 7’. tinca 12-5%, and 
A. alburnus 6:2% from Kostroma, U.S.S.R.; Nybelin, 1937, 2, 8, 18: (as 
Dactylogyrus m.)—cf. with D. minutus Kulwiec¢; Price, 1938c, 49: (as 
Neodactylogyrus m.). 

N. nybelint (Markewich, 1933) Price, 1938. 

Markewich, 1933, 18-20, figs. 1-3: (as Dactylogyrus m.) on Rutilus frisi, 

from the Ukraine ; Price, 1938 c, 49: (as Neodactylogyrus n.). 
N. orchis (Mueller, 1938) Price, 1938. 

Mueller, 1938, 226, pl. 3, figs. 18-22: (as Dactylogyruso.) on Notropis rubellus 

from New York; Price, 1938 c, 49: (as Neodactylogyrus o.). 
N. parvus (Wegener, 1909) Price, 1938. 

Wegener (1909), 1910, 33-34, text-figs. 8-10: (as Dactylogyrus p.) on 
A. alburnus, from E. Prussia; Bychowsky, 1933 6, 249: host specificity— 
chief host A. alburnus, supplementary host, L. cephalus (from U.S.S.RB.) 
—(as Dactylogyrus p.); Nybelin, 1937, 9, 18: (as Dactylogyrus p.) on 
A. alburnus from Sweden—cf. with N. micracanthus; Price, 1938 c, 49: (as 
Neodactylogyrus p.). . 

NV. perlus (Mueller, 1938) Price, 1938. 
Mueller, 1938, 227, pl. 3, figs. 18-22: (as Dactylogyrus p.) on Notropis 


cornutus, from Chautauqua Lk., New York; Price, 1938c, 49: (as Neo- 


dactylogyrus p.); Mizelle & Donahue, 1944, 614, pl. 2, figs. 1-12: on UN. 
cornutus from Proulx Lk., Algonquin Pk., Ontario (as Dactylogyrus pp.) 
redescribed. : 


A SYNOPSIS OF THE MONOGENETIC TREMATODES, 213 


NV. photogenis (Mueller, 1938) Price, 1938. 

Mueller, 1938, 224, pl. 4, figs. 19-33 (as Dactylogyrus p.) on Notropis 

photogenis from New York; Price, 1938 c, 49: (as Neodactylogyrus p.). 
N. propinquus (Bychowsky, 1931) Price, 1938. 

Bychowsky, 1931, 236-237, figs. 3-4: (as Dactylogyrus p.) on Abramis sapa 
from the Aral Sea; 19336, 247: host specificity ; Dogiel & Bychowsky, 
1933, 274-276, figs. 14-16; (as Dactylogyrus p.); Price, 1938 c, 49: (as Neo- 
dactylogyrus p.); Malevitskaja, 1941, 271: (as Dactylogyrus p.)—comparison 
of the ventral haptoral bar with that of NV. ramulosus. 

N. ramulosus (Malevitskaja, 1941), n. comb. 

Malevitskaja, 1941, 269-270, figs. 1 a, b, c, d, e, f: (as Dactylogyrus r.) on 
the gills of L. dus, from near Kiew. The ventral haptoral bar is comparable 
in shape to that of NV. propinquus; here placed in Neodactylogyrus Price, 
since two haptoral bars are present. 

N. rubellus (Mueller, 1938) Price, 1938. 

Mueller, 1938, 226, pl. 5, figs. 6-12: (as Dactylogyrus r.) on Notropis rubellus, 

from New York; Price, 1938 c, 49: (as Neodactylogyrus r.). 
N. scutatus (Mueller, 1938) Price, 1938. 

Mueller, 1938, 227, pl. 5, figs. 183-17: (as Dactylogyrus s.) on Parexoglossum 
laurae, Exoglossum maxillingua from New York; Price, 1938c, 49: (as 
Neodactylogyrus s.). 

NV. simplex (Mizelle, 1937) Price, 1938. 

Mizelle, 1937, 616-617, figs. 12-17: (as Dactylogyrus s.) on Hyborhynchus 
notatus from Illinois; 1938 b, 53, figs. 129-1384: (as Dactylogyrus s.); Price, 
1938 c, 49: (as Neodactylogyrus s.); [Non Dactylogyrus simplex Bychowsky, 
1936, from Diptychus dybowskii from Kirghiz]. 

NV. simplicimalleatus (Bychowsky, 1931) Price, 1938, emend. 

Bychowsky, 1931, 239-240, figs. 7-8: (as Dactylogyrus simplicimalleata) 
on Pelecus cultratus from the Aral Sea; 1933 6, 245: host specificity ; 1934, 
201-203, figs. 5a-b: D. simplicimalleata Bych. 1931, ‘‘ morpha minor nova,” 
on P. cultratus from Lk. Beloje: this new form differs, in particular, in the 
form of the anterior end of the ventral haptoral bar; this being bifurcate 
instead of rounded as that from the type locality; Dogiel & Bychowsky, 
1933, 269-271: (as Dactylogyrus simplicimalleata); Price, 1938c, 49: (as 
Neodactylogyrus simplicimalleata); Dr. Baylis (personal communication) 
points out that the name should be emended to N. simplicimalleatus, for the 
purpose of grammatical agreement. 

¢ NV. suecicus (Nybelin, 1937) Price, 1938. 

Nybelin, 1937, 11, 18, figs. 21-23: (as Dactylogyrus s.) on R. rutilus from 
Sweden; cf. with N. gemellus and N. crucifer; Price, 1938c, 49: (as 
Neodactylogyrus s.). 

WN. sp. (of Bychowsky, 1934), n. comb. 

Bychowsky, 1934, 204 (as Dactylogyrus sp.): nearly related to N. fraternus 
and J. difformis, on the gills of R. rutilus. from Lk. Beloje ; here transferred 
to the genus Neodactylogyrus. 


: 
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NV. tenuis (Wedl, 1857) Price, 1938. 

Wedl, 1857, 258-274, 278, pl. 4, figs. 41-45: (as Gyrodactylus t.) on Perca 
fluviatilis (Europe) ; Diesing, 1858, 379: (as Dactylogyrus t.) ; Cobbold, 1862, 
38-39 : (as Gyrodactylus t.); Liihe, 1909 6, 17, fig. 25: (as Dactylogyrus t.) on 
Perca fluviatilis from Vienna; Price, 1938 ¢, 49: = Neodactylogyrus t.). 

N. ursus (Mueller, 1938) Price, 1938. ; 

Mueller, 1938, 226, pl. 5, figs. 1-5: (as Dactylogyrus u.) on Moxostoma 

anisurum, from New York; Price, 1938 c, 49: (as Neodactylogyrus u.). 
N. wunderi (Bychowsky, 1931) Price, 1938. 

Bychowsky, 1931, 234-236, figs. 1-2: (as Dactylogyrus w.) on B. bjoerkna 
from Lk. Constance, and B. bjoerkna and A. brama from the Aral Sea ; 1933 6, 
247, 248: host specificity—on A. brama from Finland (100%) and on B. 
bjoerkna (20%); 1934, 205, fig. 6: (as Dactylogyrus w.)—on both hosts from 
the Caspian area, U.S.S.R.; Dogiel & Petruschewsky, 1933, 407: (as 
Daciylogyrus w.) on B. bjoerkna and A. brama from Newabucht, U.S.S.R. ;. 
Dogiel & Bychowsky, 1933, 271-274, figs. 12-13: (as Dactylogyrus w.) on 
A. brama from the Aral Sea; Nybelin, 1937, 5, 6, 7, 8, 19, figs. 5-6: (as Dactylo- 
gyrus w.) Synonym of D. auriculatus according to Nybelin (loc. cit.), and also 
identical with Dactylogyrus sp. of Wegener, 1909; recorded from A. brama from 
Sweden; Price, 1938 c, 49 (as Neodactylus wunderi (Bych.)—a valid species). 
(Figs. 5 a—c herein.) 

N. zandti (Bychowsky, 1933) Price, 1938. 

Bychowsky, 1933 d, 29-30, figs. 11-12: (as Dactylogyrus z.)—identical with 
* Dactylogyrus species 1” of Bychowsky, 19336, and with D. difformis of 
Zandt, 1924 [non D. difformis Wag.], on B. bjoerkna and A. brama, from near 
Leningrad and Caspian Sea, and from B. bjoerkna from Lk. Constance (by 
Zandt, 1924); Dogiel & Petruschewsky, 1933, 407: (as Dactylogyrus z.) on 
B. bjoerkna and A. brama from Newabucht, U.S.S.R.; Nybelin, 1937, 4, 5, 
6, 7, 19, figs. 1-3: on A. brama from Sweden (as Dactylogyrus z.); Price, 
1938 c, 49: (as Neodactylogyrus z.). 

Dogielius Bychowsky, 1936 (monotypic). 

D. forceps Bychowsky, 1936 a, 265-268, figs. 16-18: on Schizothorax abc” 

saiensis, from the River Tschu, Kirghiz. 


TETRAONCHINAE Monticelli, 1903, sensu emend. Price, 1937. 


Monticelli, 1903, 336; Johnston & Tiegs, 1922, 92: emend. to include 
Anchylodiscus Johnst. & Tiegs, 1922, Ancyrocephalus Crepl., Dactylodiscus 
Oiss., Diplectanotrema Johnst. & Tiegs, 1922, Tetraonchus Dies., Amphibdella 
Chatin, Halotrema Johnst. & Tiegs, 1922, Daitreosoma Johnst. & Tiegs, 
1922, Empleurosoma Jobnst. & Tiegs, 1922, Tetrancistrum Goto & Kikuchi, 
(Key); Fuhrmann, 1928, 27: uses Tetraonchinae as a subfamily of Gyro- 
dactylidae (co-ordinate with Gyrodactylinae, Isancistrinae, Lepidotreminae), 
and includes all the above genera ; Price, 1937 d, 27-29 ; 1937 a, 122: subfamily 


diagnosis, and key, to emended group to exclude Diplectaninae (incl. Lepido- 


treminae Johnst. & Tiegs); Mizelle, 19386: review and key to 9 N. Amer. 
genera; Mizelle & Hughes, 1938, 341-344: revised diagnosis and key to 
genera ; ; a new key is included here to the 20 genera pao are considered a S 
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valid : Dactylodiscus Olss. is regarded as invalid until more information is 
forthcoming on the type species. 

Subfamily diagnosis.—Dactylogyridae in which the body is devoid of scales 
or spines, and the haptor is without squamodiscs, but bears two pairs of 
anchors, and (? 2 to) 16 marginal hooklets. Intestine single or double. Eyes 
present or absent. Testes usually without lobes, and ovary unlobed. Vagina 
present or absent. Type genus: Tetraonchus Diesing, 1858. 


Key to the Genera of the Subfamily TETRAONCHINAE Montic. 


1. Haptor with 3 separate transverse bars ...........0..-eeeceeeee Murraytrema Price. 
Haptor with 2 separate transverse bars ...............2e0eeeeees 2. 
Haptor with 2 articulated bars .................... ASR eee a ween ea: {Miz. & Blatz. 
Haptor with 2 bars fused by their mid-regions ................+.. Rhabdosynochus 
Manton with inne transverse baw... 6.) ricjeeiss ss anjnalew a otn'bitye sale oie 4. 
Haptor without transverse bars ..... 1.06... ssas cece ces oc asses 5. 
. A. Haptoral bars similar. 
Intestinal crura not confluent posteriorly ...............+.- 2a. 
Intestinal crura confluent posteriorly ..............0eee ees 2 b. 
2a. Vagina absent; eyes present ..... 66... cece tee eee eeeeecs Anchylodiscus J. & T. 
eR COTT ASU ONAOT) FIGHG: . <. « «\0°< a0 ss ctvisls eid mi visemes <* Haliotrema J. & T. 
26. Vagina on left margin ; accessory piece basally articulate with 
2 Sn 4 a a a tate Oe ROR See ce mtas «Meek Cleidodiscus Muell. 
Vagina on right margin ; accessory piece never basally articulate 
dM ED iia e'k's lhe «isa al ie “athucd Sapviage s aeiwmid «Shae Urocleidus Muell. 
B. Haptoral bars dissimilar. 
Intestinal crura not confluent ; vagina on left side.......... Ancyrocephalus Crepl. 
Intestinal crura confluent posteriorly. 
Vagina on left, in mid-lateral region ...............+--0e: Ancylodiscoides Yam. 
Derpmerea ONL ee etal THAT PTs), cavisa So. alnla ss '<tje-s + cela aM’ » ° Tetrancistrum 
. Haptoral bars similar. [Goto & Kikuc. 
Anchor bases abnormally developed and occupying the whole 
Gt haptor apes. ~vagina On left ony caingees cc eed > ess Anchoradiscus Miz. 
Haptoral bars dissimilar. 
Anchor bases normal; vagina on left .................05. Actinocleidus Miz. 
. A. Haptoral bar butterfly-shaped, articulating directly with both 
pairs of anchors ; intestine unbranched and sac-like ......... Tetraonchus Dies. 


B. Haptoral bar simple, articulating directly with only one pair of 
anchors ; intestine bifurcate. 
Intestinal crura not confluent ; 14 (? or 12) marginal hooks 4a. 


Intestinal crura confluent ; 2 or 14 marginal hooks ........ 4b. 
4a. 3 pairs of head organs ; vagina present; anchors similar; 14 
RRR RTE NIAEHECOS 5c 2s 0 ota nit cre eared ied etnistinly brn 9 wcehatg’ ne) Amphibdelloides Price 
1 pair of head organs ; vagina absent ; anchors dissimilar ; 14 
MERU swale xo xo Sig ge via BS Te tIge MALS OS pels (e'e Diplectanotrema J & 'T. 
Numerous scattered head glands; vagina absent; anchors : 
dissimilar ; ? 12 marginal hooks..... Le Eero eects fds 5's Linguadactyla Brinkm. 
4b. 2 marginal hooklets. 
4 pairs of head organs; vagina absent ...............-.005- Empleurosoma J. & T. 
2 pairs of head organs; conspicuous vagina on left margin .. Daitreosoma J. & T. 
14 marginal hooklets. 
2 pairs of head organs ; vagina in left mid-lateral region ..... Parancyrocephaloides Yam. 
5. Intestinal crura not confluent; anchors similar; vagina in left 
“i NR ala ss o's eis nlp icine tiniaben sini & b 0.010 Adve eid eevee Amphibdella Chatin. 
Intestinal crura confluent ; anchors dissimilar ; vagina in left mid- 


(ON 7 ahs bay a eee ieveeess Ancyrocephaloides Yam. 
ae aaa : 
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Tetraonchus Diesing, 1858 ; sensu emend. Price, 1937. 

Dies., 1858, 314, 379-380; Liihe, 1909 6, 18: regards this genus as a syn. 
of Ancyrocephalus Crepl.; Johnston & Tiegs, 1922, 96: emend. diagnosis to 
exclude Ancyrocephalus; Price, 1937a, 123: emend. diagnosis—adopted 
below. (Syns. Gyrodactylus of Wedl, 1857, partim ; Dactylogyrus of Wagener, 
1857, partim. ; Monocoelium Wegener, 1909.) ; 

Generic diagnosis.—Tetraonchinae in which the cephalic glands open in 3 
or more pairs of head organs. Haptor more or less distinctly set off from the 
body, bearing a butterfly-shaped transverse bar which articulates directly 
with both pairs of anchors, and 16 marginal hooklets. Intestine unbranched, 
sac-like, and without diverticula. Eyes present. Testes and ovary in mid- 
body region. 

Type species: Tetraonchus monenteron (Wagener, 1857) Dies., 1858. 
T. monenteron (Wagener, 1857) Dies., 1858. 

(Type species, by elimination and by first species rule); Wagener, 1857, 
52, 55, 56, 58, 61, 63, 64, 65, 66, 67, 69, 70, 71,,72) 73.16 pL ala sige. 
pl. 36 A, fig. 3f: (as Dactylogyrus m.) on Esox lucius (Europe); Wedl, 1857, 


. allo ieee « 


Figures 6 a-d. 


a-b : Teiraonchus monenteron—a, Compiete worm (after Wegener—egg in uterus from Van Cleave 
and Mueller); Cirrus and accessory piece (after Wegener). c-d: 7. alaskensis—c, Cirrus and 
accessory piece (stippled) ; d, Haptoral bar (after Price). 


258-274, pl. 3, figs. 33-37: (as Gyrodactylus cochlea—antedated by Wagener) 
on Hsox lucius (Europe); Diesing, 1858, 380: created the gen. name and 
suppressed G'. cochlea Wed] as a syn.: (as T'etraonchus monenteron (Wagener)) ;. 
Wegener (1909), 1910, 25-38, text-figs. 6-7, pl. 6, fig. 2: (as Monocoelium 
monenteron—the type of a new genus) on #. lucius from E. Prussia; Liihe, 
1909 6, 18, 19, fig. 30: (as Ancyrocephalus m. (syn. Tetraonchus m. auctorum)) 
on EH. lucius from Germany ; Vlassenko, 1928, 231, 236 (as Ancyrocephalus ' 
m.): of. with [Aviella] baikalensis; Fuhrmann, 1928, 4, 12, fig. 3: comp. 4 
anat.; Bychowsky, 1929, 23: (as Ancyrocephalus momenteron—sic) on E. i 
luctus 10-°7%, from Kostroma, U.S.S.R.; Dogiel & Petruschewsky, 1933, | 
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407: (as Tetraonchus m.) on EH. lucius, from Newabucht, U.S.S.R.; Van 
Cleave & Mueller, 1934, 184-185, pl. 28, figs 1-3: (as Tetraonchus m.) on 
E. lucius from Oneida Lk., N.Y.; Dogiel & Bychowsky, 1933, 284-285 : 
(as Tetraonchus m.) on E. lucius from the Aral Sea; Bychowsky, 1934, 206 : 
from Lk. Beloje, U.S.S.R.; I. Bychowsky, 1936, 126: (as Tetraonchus m.), 
on EH. lucius 100%, 13-4%, 46-7%, 267%, 86:7%, 100%, 100% from various. 
Karelian Lks., U.S.S.R.; Sachwatkin, 1936, 186: on EH. lucius 80% from 
R. Kama, U.S.S.R.; Price, 1937 a, 123 (as Tetraonchus m.): systematics ; 
1937 d, 29: cf. with 7’. alaskensis ; Seamster, 1938, 604: syst. (as T'etraonchus 
m.); Mizelle & Hughes, 1938, 344 (as Tetraonchus m.): syst. and list of 
syns. No records of this species have hitherto been published for Britain : 
recently Miss Dilys O. Jones (personal communication of unpublished observa- 
tions) has found numerous specimens on the gills of H#. luctus taken from Lake 
Windermere and from the River Severn at Newtown, Montgomeryshire, 
Wales. (Figs. 6 a—b herein.) 

T’. alaskensis Price, 1937. 

Price, 1937 d, 27-29, fig. 11: on Salmo mykiss, Oncorhynchus kisutch and 
Salvelinus malmis spectabilis from Alaska; 1937 a, 124: syst.; Seamster, 
1938, 604: syst.; Mizelle & Hughes, 1938, 344: syst. (Figs. 6 c-d herein.) 

T. arcticus Bychowsky (? ref.). Dogiel & Markov, 1937, 436-437: cite this. 

species, adding a short descr. and cf. with 7’. monenteron—{no ref. to original 
descr. has yet been traced|—occurs as a winter parasite on the gills of 
Salvelinus alpinus in the fresh waters of Novaya Zemlia. 

Actinocleidus Mueller, 1937. 

Mueller, 1937 6, 211; Price, 19376, 148; Mizelle & Hughes, 1938, 350- 
351: key to 9 spp.; Mizelle, 1938 6, 41: diag. emend. and adopted below 
—slightly modified. (syns.: Ancyrocephalus auctorum, partim; Cleido- 
discus auctorum partim.) 

Generic diagnosis.—Tetraonchinae in which the disc-like haptor is flattened 
and bears both pairs of anchors on the ventral side: the connecting bars are 
two in number, are dissimilar (one may be divided), and articulate with 
each other in their mid-regions. Each of the 14 marginal hooklets is differ- 
entiated into base, shaft and sickle-shaped “ opposable piece.” Intestine is. 
bifurcate and the crura are confluent posteriorly. Cirrus with a movable 
accessory piece articulated to its base. Vagina present, opening on the left 
margin near the middle of the body. Parasites of freshwater fishes. 

Type species: Actinocleidus oculatus (Mueller, 1934) Mueller, 1937. 
- A. articularis (Mizelle, 1936) Mueller, 1937. 

Mizelle, 1936, 796-797, fig. 9: (as Cleidodiscus a.) on the gills of Xenotis 
_megalotis from Embarrass R., Urbana, Illinois; Mueller, 19376, 211: (as 
 Actinocleidus a.); Seamster, 1938, 606: syst.; Mizelle & Hughes, 1938, 

350, 351: syst. ; Mizelle, 1938 6, 42-43, figs. 10, 40-48 : (as Actinocleidus a.) ;. 
1939, 19; 1940 6, 171, 176: on L. megalotis from Tennessee. 

A. bakeri Mizelle & Cronin, 1943, 198-199, pl. 1, figs. 1-10: on Lepomis microlophus 
from Reelfoot Lk., Tennessee ; having accessory piece like A. gracilis, A. 
fergusoni and others, but with a distinctive cirrus—a broad base, curved 
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shaft and pointed end—anchors remotely like A. fusiformis : ant. pair is solid 
and posterior hollow; the anterior bar is remotely similar to that in — 
A. harquebus, but the middle region is very narrow. 
A. bifidus Mizelle & Cronin, 1943, 199-200, 201, pl. 1, figs. 11-27: on L. micro- 
lophus from Reelfoot Lk., Tenn.: nearest to A. maculatus regarding the 
anchors, bars and hooks; and A. bifurcatus has a slightly similar cirrus, 
though the accessory piece is distinctive : anchors and bars rather like those 
in A. crescentis. 
A. bifurcatus Mizelle, 1941. 
Mizelle, 1941 6, 102, 104, figs. 39-47: on Lepomis microlophus from Florida ; 
Miz. & Cronin, 1943, 200, 201, 205: cirrus cf. with A. bifidus and A. crescentis, 
accessory piece and bars cf. with A. unguis, (syn. A. bifurcatis of Miz. & 
Cronin, 1943, 201—misprint). (Figs. 7 d—h, herein.) 
A, brevicirrus Mizelle & Jaskoski, 1942, 145-146, figs. 42-48 : on Lepomis miniatus 
from Reelfoot Lake, Tennessee. 
A. bursatus (Mueller, 1936) Mueller, 1937. 
Mueller, 1936 a, 71, figs. 6, 7, 20: (as Ancyrocephalus 6b.) on Micropterus 
salmoides from Ohio; Mueller, 19376, 211: (as Actinocleidus 6b.) on the 
gills of Huro salmoides from Florida; Mizelle & Hughes, 1938, 351: syst. ; 
Seamster, 1938, 606: syst.; Mizelle, 1940 a, 289: on M. salmoides ; 1940 6, 
170-171, 176: descriptions of variations: specific diag. emend., on Micro- 
pterus dolomieu and M. punctulatus from Tennessee; Mizelle & Brennan, 
1942, 140-141: on Lepomis macrochirus from Lk. Okeechobee, Florida ; 
Mizelle & Cronin, 1943, 205: cf. anchors of A. unguis. 
A. crescentis Mizelle & Cronin, 1943, 200-201, pl. 1, figs. 47-54: on Lepomis 
microlophus from Reelfoot Lk., Tenn. ; the cirrus being almost identical with 
that of A. bifurcatus, though the accessory piece is different, and the 
anchors, hooks and bars are more like those of A. bifidus. 
A. fergusoni Mizelle, 1938. 
Mizelle, 19386, 45-46, figs. 148-153: on Helioperca macrochira from 
Illinois and Oklahoma, and Allotis humilis from Oklahoma ; Seamster, 1938, 
606, 612: syst., and on L. humilis and H. macrochira from Oklahoma ; 
Mizelle & Hughes, 1938, 350, 351: syst.; Mizelle & Brennan, 1942, 138- 
139, figs. 27-32: on L. macrochirus from Reelfoot Lk., Tennessee, and Lk. 
Okeechobee, Florida: comparative study and redescr., variations being very 
near to A. gracilis, and may unite them into a single species; Mizelle & 
Cronin, 1943, 199: accessory piece similar to that of A. bakeri. . 
A, flagellatus Mizelle & Seamster, 1939, 504-505, figs. 35-41: on Chaenobryttus 
gulosus (C. et V.) from Florida; Mizelle & Cronin, 1943, 201-202, 205, 218, 
pl. 1, figs. 28-37: on Ghieabirniis coronarius (Bartram) [corrected name of 
type host] from Reelfoot Lk., Tenn., redescr. and ¢f. with Florida specimens 
(Tab. 1) from same host: shows that the Tennessee worms are significantly - 
larger than those from Florida: hooks similar to those of A. unguis. 
A. fusiformis (Mueller, 1934) Mueller, 1937. 
Mueller, 1934 6, 365-368, pl. 47, figs. 10-11: (as Cleidodiscus f.) on Micropterus 
dolomieu from Lk. Oneida, New York; 19364, figs. 8, 15, 16, 68, 69: (as 
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Cleidodiscus f.) on M. dolomieu from Ohio ; 1937 6, 211: (as Actinocleidus f.) 
considers that Ancyrocephalus cruciatus of Cooper, (1915, 191, pl. 2, fig. 12), 
on M. dolomieu from Canada, is a syn. of this species; on M. salmoides 
from Florida; Summers & Bennett, 1938: on M. dolomieu from Ohio; Seamster, 
1938, 606: syst.—on M. salmoides from Oklahoma; Mizelle & Hughes, 
1938, 351: syst. revis.; Mizelle, 1939, 12; 1940 a, 289: on M. punctulatus 
from Tennessee ; 19406, 169-170, 175, figs. 1-6: variations of hapt. bars. 
and redescription of species, on M. punctulatus, M. salmoides and M. dolomieu 
from Tennessee ; Mizelle & Cronin, 1943, 199, 202: anterior anchors hollow 
and posterior solid—as in A. bakeri—comparative redescription of material 
from Huro salmoides from Reelfoot Lk., Tenn., with that of Mizelle (1940 5). 

A. gibbosus Mizelle & Donahue, 1944, 602, pl. 1, figs. 34-42: on Lepomis gibbosus 
from Opeongo Lk., Algonquin Pk., Ontario. 

A. gracilis Mueller, 1937. 

Mueller, 19376, 211, 4 figs.: (as Actinocleidus g.) on Lepomis pallidus 
[=Helioperca macrochira (Raf.)], from Florida ; Seamster, 1938, 606: syst. ; 
Mizelle & Brennan, 1942, 139-141: cf. with the closely related A. fergusoni 
—notes that it has not yet been found in Tennessee; Mizelle & Hughes, 
1938, 350, 351: syst. revis.; Mizelle & Cronin, 1943, 199: accessory piece 
similar to that in A. bakeri. 


=> eg 
Ms ws 


a—c: Actinocleidus longus—a, Cirrus and accessory piece; 8, ae es c, Anchors and 
supporting bars (after Mizelle). d-h, A. bifurcatus—d, Anterior anchor; e, Supporting bars ; 
f, Posterior anchor; g, Marginal hooklet ; h, Cirrus and accessory piece (after Mizelle). sm: 
A. maculatus—i, Supporting bars; j, Marginal hooklet; &, Posterior anchor; J, Anterior 
anchor ; m, Cirrus and accessory piece (after Mizelle). 


toon 


A. harquebus Mizelle & Cronin, 1943, 203, pl. 1, figs. 38-46: on Lepomis microlophus 
from Reelfoot Lk., Tenn., anchors slightly similar to those of A. okeecho- 
beensis, but the anterior bar is more like that of A. bakeri—the copulatory 
complex is unique in the genus. 

A. incus Mizelle & Donahue, 1944, 602-603, pl. 1, figs. 43-49: on Lepomis gibbosus 

from Opeongo Lk., Algonquin Pk., Ontario. 
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As longus Mizelle, 1938. 


Mizelle, 1938 a, 465-466, figs. 8-14: on Apomotis cyanellus from Illinois ; 
1938 6 (also as species nova), 43-44, figs. 166-172: on A. cyanellus from 
Illinois and Oklahoma; Mizelle & Hughes, 1938, 351: syst.; Mizelle 
& Seamster, 1939, 505; Seamster, 1938, 606: syst. and cf. with A. Hagdiavis 
—on A. cyanellus from Oklahoma. (Figs. 7 a—c herein.) 


. maculatus Mueller, 1937. 


Mueller, 19376, 211—4 figs.—on the gills of Hupomotis gibbosus from 
Florida ; Seamster, 1938, 606: syst.; Mizelle & Hughes, 1938, 351: syst. ; 
Mizelle, 1941 6, 101-102, figs. 17-24: on EH. microlophus from Florida ; 
Mizelle & Cronin, 1943, 200, 205: anchors, bars and hooks similar to those 
of A. bifidus, and cirrus slightly resembling that of A. unguis. (Figs. 7 im 
herein.) 


. oculatus (Mueller, 1934) Mueller, 1937—Type species. 


Mueller, 1934, 368, pl. 47, fig. 5: (as Cleidodiscus 0.) on Lepomis gibbosus 
from the State Fish Hatcheries, Constanta, N.Y.; Mueller, 1936 a, 65, figs. 5, 
21: (as Cleidodiscus 0.) on L. gibbosus from Syracuse, N.Y.; Mueller, 1937 5, 
211: (as Actinocleidus o.—type species); Summers & Bennett, 1938, 247: 
on L. macrochirus from Baton Rouge, La.; Mizelle & Donahue, 1944, 603-604, 
pl. l, figs. 9-17: redescr., on L. gibbosus from Long and Opeongo Lks., Algon- 
quin Pk., Ontario. 


. okeechobeensis Mizelle & Seamster, 1939, 504, figs. 21-34: on Chaenobrytius 


gulosus from Lk. Okeechobee, Florida ; Mizelle & Cronin, 1943, 203: similar 
anchors to those in A. harquebus. 


. recurvatus Mizelle & Donahue, 1944, 604-605, pl. 1, figs. 50-61: on L. gibbosus 


from Costello, Long, Opeongo, and Proulx Lks., Algonquin Pk., Ontario. 


. scapularis Mizelle & Donahue, 1944, 606-607, pl. 1, figs. 1-8: on L. gibbosus 


from Opeongo Lk., Algonquin Pk., Ontario. 


. sigmoideus Mizelle & Donahue, 1944, 607-608, pl. 1, figs. 18-33: on L. gibbosus 


from Costello, Long, Opeongo, and Proulx Lks., Algonquin Pk., Ontario. 


. subtriangularis Mizelle & Jaskoski, 1942, 146-147, figs. 33-41: on Lepomis 


miniatus from Reelfoot Lk., Tennessee. 


. unguis Mizelle & Cronin, 1943, 204-205, pl. 1, figs. 55-64: on Huro salmoides 


from Reelfoot Lk., Tenn.: anchors similar to those of <A. bursatus, 
accessory piece and bars like those in A. bifurcatus and cirrus remotely like 
that in A. maculatus. 


Amphibdella Chatin, 1874. 


Chatin, 1874, 11-16; Johnston & Tiegs, 1922, 96: opposition to Monticelli 
(1889, 116; 1890; 1903, 336), who regards this genus as “ a syn. of T'etraonchus 
Dies., 1. e. of Ancyrocephalus Crepl.”’: emend. diag. to exclude these genera ; 
Price, 1937 6, 151: diagnosis emend. to exclude Amphibdelloides Price. 

Generic diagnosis.—Tetraonchinae with greatly elongated body and 3 pairs 
of head organs. Haptor lobed and distinctly set off from body ; both pairs 
of anchors are similar in form and there are 14 marginal hooklets, but there 
are no transverse cuticular bars (cf. Amphibdelloides with a simple bar). 
Intestinal crura are not confluent posteriorly. Eyes absent. Testes and 
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ovary in anterior region of body: ovary elongated and curved lying partly 
in the extracrural field. Vitellaria confined to the region posterior to the 
ootype. Vagina present. Parasites of Torpedinidae. 

f _ Type species: Amphibdella torpedinis Chatin, 1874. 

-_ A. torpedinis Chatin, 1874. 

- Chatin, 1874, 11-16, pl. 9, figs. 13-14: on the gills and in the branchial 
\* cavity of Torpedo marmorata from the Mediterranean; Monticelli, 1889, 
116: suppresses Amphibdella Chatin, and transfers species to Tetraonchus 


Figures 8 a-f. 


a-c: Amphibdella torpedinis—a, Complete worm (? dorsal view); 6, Eggs; c, Right half of haptor 
’ (after Ruskowsky). d-f: A. flavolineata—d, Anterior region, showing genitalia—note laterally 
opening vagina and relatively large receptaculum seminis; e, Cirrus and accessory piece 
(stippled) ; f, Vagina (after Price). 


Dies. ; 1890, 193-195, on 7. narce [=T'. ocellata Raf.] and 7. marmorata 
from Meditr.; Johnston & Tiegs, 1922, 96 (as Amphibdella t.): distinguish 
this from MacCallum’s specimens; syns.—Non Amphibdella t. of MacCallum, 
1916 [=Amphibdelloides maccallumi (Johnst. & T.)]; Ruszkowski, 1931, 
161-167, figs. 1-4: in 7’. marmorata from Naples. 


Ruszkowsky, 1931 (p. 162) found eggs and worms in the interior of the gills, and mature ripe 
‘individuals in the blood vessels and heart. In 7. ocellata at Naples, 12 fish (more than 50 per cent.) 
had eggs in the heart, and 8 fish (c. 35 per cent.) had adults in the heart (1-4 in each) ; but they 
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were only found once in this place in the 7’. marmorata specimens. On one occasion worms were 
found in the region of the genito-urinary organs, but eggs and worms were most frequent in the 
auricle (p. 165). Neither embryonated eggs nor larve were ever found in the blood vessels or 


heart. 

Price, 1937 6, 151: syst., accepts the separation of MacCallum’s (1916) material 
from this sp. by Johnst. & Tiegs, but places it in a new genus on account. 
of the presence of an haptoral bar in Amphibdelloides. (Figs. 8 a—c herein.) 

A. flavolineata MacCallum, 1916; emend. 
MacCallum, 1916, 29-30, figs. 12, 12 A (as A. flavolineatus), on a “ Sting 
Ray ” and Tetranarce occidentalis (Storer), from Woods Hole, Mass., U.S.A. ; 
Price, 1937 6, 151-152, figs. 1-4: redescr.; Linton, 1940, 4: on the gills. 
of 7’. occidentalis at Menemsha Bight, N. America; Rees & Llewellyn, 1941, 
392, 393, 394: host record only, on the gills of Torpedo nobiliana from the 
Irish Sea. (Figs. 8 df herein.) 

In a footnote (p. 393) Rees & Llewellyn state “ This species, referred to the genus Amphibdella by 
MacCallum (1916), is, according to Chatin’s definition in 1874, not a member of this genus. Its. 
exact terminology is being investigated.’’ This statement would imply that it is not congeneric 
with A. maccallumi which they found [now excluded from Chatin’s gen.]; hence it may belong to a 
third, and undescribed genus. On the other hand, they do not appear to have seen Price’s revised 
description of this sp. and the emended generic diagnosis. 

Amphibdelloides Price, 1937. 
Price, 1937 6, 153-154 (syn. Amphibdella auctorum, pro parte). 
Generic diagnosis.—Haptor not lobed, anchors supported by a single cuti- 
cular bar. Other characters as in Amphibdella. 
Type species: Amphibdelloides maccallumi (Johnst. & Tiegs, 1922) Price, 1937 
(monotypic genus). 


Figures 9 a-e. 


Amphibdelloides maccallumi—a, Complete worm ; 6, Cirrus, and accessory piece (stippled) ; c, Haptoral 
bar; d, One pair of anchors (after Price); e, Haptor (after Parona and Perugia). 


A. maccallumi (Johnst. & Tiegs, 1922) Price, 1937. 
Johnst. & Tiegs, 1922, 96: nom. nov. for Amphibdella torpedinis of. 
MacCallum (1916 6, 27-28, fig. 11 [non Amphibdella t. of Chatin]; on the 
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gills of T'etranarce occidentalis and Squalus acanthias from Woods Hole, Mass. 


—as Amphibdella m.; Price, 19376, 153-154: redescr. (from cotypes)— 
accepts Johnst. & Tiegs’ species, but creates for it a new gen. and furthermore 
considers it conspecific with the material studied by Parona and Perugia 
(1890, Jan.), and with that of the redescription (1890, May), in spite of the 
latter being figured with two haptoral bars (which Price thinks must be an 
error); Par. & Per., 1890, Jan., 20-30, pl. 1, figs. 12-13, pl. 2, figs. 14-18 
(as Amphibdella torpedinis [non Amphibdella t. Chatin]) ; 1890, May, 363-367 
—one fig.—(as Amphibdella t. [non Chatin]), “rom Torpedo marmorata from 
the Mediterranean; Rees & Llewellyn, 1941, 392, 393, 394: host record 
only (as Amphibdella m.), from the gills of Torpedo nobiliana from the Irish 
Sea. (Figs. 9 a—e herein.) 


Anchoradiscus Mizelle, 1941. 


Mizelle, 1941 a, 159, 161 (syn. Actinoclerdus of Summers, 1917, partim), 
diagnosis quoted below. 

Generic diagnosis.—Tetraonchinae with anchor base situated parallel to and 
developed so as to extend through the greater part of a frontal plate of the 
discoidal haptor. Anchor shafts vestigial or absent. Anchor points are 
recurved and directed laterally. Haptor bars: 2, attached to the ventral 
(or lateral) surfaces of the anchor bases, and articulating with each other at 
their mid regions. Each of the 14 “ marginal hooklets”’ situated on the 
haptoral margins and differentiated into base, a solid anchor shaft and a 


Figures 10 a—c. 


a—c : Anchoradiscus anchoradiscus—a, Complete worm, ventral view; 6, Haptoral bars, showing 


attachment ; c, Cirrus, and accessory piece (stippled) (after Mizelle). 


sickle-shaped termination and an opposable piece. Copulatory complex 
composed of a cirrus and accessory piece. Vagina on the left. Eye spots, 
four ; the posterior pair being the larger. Parasitic on the gills of freshwater 


fishes. 


Type species: Anchoradiscus anchoradiscus Mizelle, 1941. 
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Mizelle points out the following relationships of the genus : Anchoradiscus is similar to Actinocleidus - 
in both the haptor is discoidal and the bars are articulated, but there are some marked differences, 
(i.) Thinner haptor. (ii.) Anchors lying parallel to haptor surface (dorsal and ventral) with the 
recurved points projecting laterally instead of ventrally as in Actinocleidus. (iii.) The attachment of 
bars to anchors differs. (iv.) Hooklets have large ovate bases instead of small spherical-ovate ones. 
(v.) Anchor shafts are reduced or absent—because the edge of the anchor base, in line with the 
vestigial shaft, is relatively thick it may include part or all of the shaft. (vi.) The enormous develop-. 
ment of the anchor bases. 

A. anchoradiscus Mizelle, 1941 a, 160-163, figs. A 1-15, B 1-6, C 1-2, D 1-5: on 
the gills of Lepomis macrochirus and Eupomotis microlophus from Florida... 
(Figs. 10 a—c herein.) 

A. triangularis (Summers, 1937) Mizelle, 1941. 

Summers, 1937, 432-434, figs.: (as Actinoclerdus t.), on the gills of Lepomis 
symmetricus from Louisiana ; Seamster, 1938, 606: syst. (as Actinocleidus t.) 3. 
Mizelle & Hughes, 1938, 350, 351: syst. (as Actinocleidus t.) ; Mizelle, 1941 a, 
159, 160, 161: cf. with genotype and inclusion in present genus (as Anchora-. 
discus t.). 

Anchylodiscus Johnston & Tiegs, 1922. 

Johnst. & Tiegs, 1922, 93; Price, 19376, 147; Mizelle & Blatz, 1941, 
105: cf. with Rhabdosynochus (syn. Ancylodiscus of Yamaguti, 1937, 10). : 

Generic diagnosis.—Tetraonchinae in which the haptor is not distinctly set. ; 
off from the body. There are two similar transverse bars, each supporting 
a pair of similar and relatively large anchors; the marginal hooklets are 14 
in number. Intestinal crura are not confluent posteriorly, are without. 
diverticula and are overlaid by vitellaria for their whole length. Three pairs. 
of head organs and two pairs of eyes are present. A vagina is absent. 


Figures 11 a-b. 


a-b: Anchylodiscus tandani—a, Complete worm—note large vesicula seminalis anterior to curved 
cirrus (in solid black), and testis extending dorsally anterior to ovary; 6, Outline of gravid. 
worm to show the relative size of the enormous egg (after Johnston and Tiegs). 


Type species: Anchylodiscus tandani Johnst. & Tiegs, 1922. 

Mizelle and Blatz (1941) point out that the bars are relatively short in this genus and there are- 
no spines on the body, whereas in the nearly related Rhabdosynochus there are body spines and the- 
haptoral bars are slender and more than twice the length of the ee anchor ; the bars in the- 
latter genus are fused at their mid regions. THs 


A. tandani Johnst. & Tiegs, 1922. 

7 Johnst. & Tiegs, 1922, 93-94, pl. 10, figs. 8-9, pl. 11, figs. 9-10: on Tandanus 
t tandanus from Burnett River, S. Queensland, Australia ; in gravid individuals 
_- there may be a very marked distortion and relative displacement of the 
= genital organs by the presence in the uterus of the enormous egg (see fig. 

116); Hughes, 1928, 45-46: host record only—on Gadopsis sp. (together 
with the related sp., A. gadopsis) from 8. Australia; Murray, 1931, 492: 
from 7’. tandanus from the Murray River and its Victorian tributaries. 
(Figs. 11 a—b herein.) 

A. gadopsis Hughes, 1928, 45-46, pl. 8, fig. 1, pl. 10, fig. 6: on Gadopsis sp. from 
Campaspe River, Victoria, Australia: cf. with A. tandani, from which it differs 
in having a straight instead of a curved penis, and in the enormous egg ; 
found together with A. tandani. 

A. sp. of Johnston & Tiegs, 1922, 94: a few worms of a distinct species from 
A. tandani were found on a catfish closely related to Tandanus: Neosilurus 
hyrtli, from Paroo River, 8.W. Queensland. ‘“‘ No detailed study was possible.” 
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Figures 12 a-g. 


a-c: Ancylodiscoides parasiluri—a, Complete worm, ventral view; b, Dorsal anchor and bar; e¢, 
Ventral anchor and bar. d-g: A. asoti—d, Complete worm, ventral view; e, Dorsal anchors 
and bar; f, Ventral anchors and bar ; g, Male terminal genitalia (after Yamaguti). 


-Ancylodiscoides Yamaguti, 1937. 
Yam., 1937, 10: diagnosis quoted below. 
- you. Xxv.—PaRT Iv. No. 6.—1946. si 
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Generic diagnosis.—Tetraonchinae with papillae and dermal glands well 
developed in the anterior part of the body. 2 pairs of eyes present. Haptor 
sharply constricted off from body proper, bearing 2 [dissimilar] pairs of rather 
small anchors [each supported by dissimilar bars] and’a few [sic] marginal 
hooklets. Postpharyngeal glands present, oesophagus present or absent. 
Intestinal crura simple and uniting posteriorly. Testis entire, large, post- 
ovarian. Vas deferens passing round left crus. Vesicula seminalis tubular or 
elongate saccular, and extending forward from the junction of vas deferens 
with ductus ejaculatorius. Cirrus tubular, with accessory apparatus. Pro- 
static reservoir present. No bulbus ejaculatorius. Ovary simple, small. 
Shell-gland well developed, antero-lateral to ovary. Eggs not very large. 
Vagina present, opening in the mid-lateral region. Receptaculum seminis 
vaginz present or absent. Vitellaria extending from pharynx to the end of 
intestine. On the gills of freshwater fish. Type species: Ancylodiscoides 
parasilurti Yamaguti, 1937. 

A. parasiluri Yam., 1937, 4-7, pl. 1, figs. 5-7: on Parasilurus asotus from 
Lk. Siwa, Nagano, Japan; Yamaguti (p. 6) regards this sp. as provisional, 
as comparison of it with Dactylogyrus siluris Wag. [sic] was not possible. 
(Figs. 12 a—c herein.) 

A. asoti Yamaguti, 1937, 7-9, pl. 1, fig. 8, pl. 2, figs. 9-11: on Parasilurus asotus 
from Okayama, Japan; this sp. differs from the type sp. in body size 
and structure of the accessory copulatory apparatus and in the possession of 
an enormous receptaculum seminis and in the vagina—a strongly developed 
prostate gland and large reservoir, and in addition, in the hooks and muscula- 
ture of the haptor—* the difference in the latter is very marked and probably 
of generic importance”’. (Figs. 12 d-g herein.) 

[(?) A. silurt (Zandt, 1924) Yamaguti, 1937. 

Zandt, 1924, 231, text-figs. 7-12: (as Ancyrocephalus s.) on Silurus glanis 
from Lk. Constance ; Price, 1937 6, 150: (as Urocleidus s.—and a probable 
syn. of U. vistulensis (Siwak.)) ; Yamaguti, 1937, 6: transfers it to the present 
genus and notes that it differs from the genotype chiefly in the copulatory 
apparatus. | 

Ancyrocephaloides Yamaguti, 1938. 

Yamaguti, 1938, 17-19: the anatomy of this genus resembles that of 
Ancyrocephalus Crepl., but differs in the intestinal crura being confluent 
posteriorly [and in the absence of haptoral bars]. 

Generic diagnosis.—Tetraonchinae with a very small body. The haptor is 
well marked off from the body proper and divided by a sagittal groove into 
two symmetrical halves, with a dorsal and a ventral pair of anchors and a few 
(sic) marginal hooklets: no supporting bars are present. There are 2 pairs 
of tubular glandular vesicles in the haptor. Head with 2 prominent lateral 
lobes and one pair of eyes. Intestinal crura unite posteriorly. Genital organs 
of both sexes as in Ancyrocephalus, including the 2 prostatic beget 
Parasites on the gills of marine fishes. 

Type species: Ancyrocephaloides triacanthi Yam., 1938 (monotypic genus). 
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A. triacantht Yam., 1938, 17-19, pl. 3, fig. 2: on Triacanthus brevirostris from 
Lk. Hamana, Japan. (Figs. 13 a—c herein.) 


Figures 13 a-c. 


a-c: Ancyrocephaloides triacanthi—a, Complete worm, ventral view; 6, Terminal genitalia—note 
accessory vesicula seminalis and two prostatic vesicles opening at base of cirrus, which is ring- 
shaped distally ; c, Haptor—note two pairs of vesicles associated with ventral and dorsal 
anchors, lack of supporting bars and the glands in posterior region of the body (after Yamaguti). 


Ancyrocephalus Creplin, 1839. 
: Creplin, 1839, 292; Wegener, 1910, 17; Johnst. & Tiegs, 1922, 94-95: 
taxonomic history of the older spp.; Fuhrmann, 1928, 9: comp. anat. ; 
Price, 1937 a, 124; (syns. Diplectanum auct., partim; Tetraonchus auct., 
partim ; Dactylogyrus auct., partim—non Ancyrocephalus of Mueller, 1936 a, 
70-72, which is used vaguely to include spp. of doubtful generic status— 
later assigned to the genera Urocleidus and Actinocleidus). 
Generic diagnosis.—Tetraonchinae, usually with 3 pairs of head organs. 
Haptor distinctly set off from body proper, bearing 2 dissimilar bars sup- 
porting the anchors, and 14 marginal hooklets. Intestinal crura are not 
confluent posteriorly. Eyes present. Vitellaria usually extend into the 
posterior third of the body. Vagina present, opening on the left side. 
Type species: Ancyrocephalus paradoxus Creplin, 1839. 
A. paradoxus Creplin, 1839. 
Crepl., 1839, 292 : on Perca lucioperca ; Dies., 1850, 416: (from Greifswald, 
Vienna, Gedani); Dies., 1858, 368, pl. 1, 5 figs.: (as 7’. unguiculatus) on 
Lucioperca sandra; Monticelli, 1889, 113-116 (as Tetraonchus p.), (syns. 
Dactylogyrus unguiculatus Wagener (1857, 61-65); Tetraonchus unguiculatus 
4 (Wag.) Dies., 1858) ; Taschenberg, 1879, 261: (syns. Gyrodactylus crassiculus 
Wedl, 1857 ; Dactylogyrus unguiculatus Wagener, 1857 ; Tetraonchus unguicu- 
latus (Wag.) Dies., 1858) on Perca fluviatilis; Liihe, 1909 b, 18-19, fig. 28 : 
(as Ancyrocephalus p., syn. Tetraonchus unguiculatus auctorum) on P. fluvi- 
atilis and L. lucioperca in Europe; Wegener, 1910, 18-22, text-fig. 3, pl. 6, 
fig. 1: (as Ancyrocephalus p.) on P. fluviatilis from E. Prussia; [non A. p. 
of Cooper, 1915 =Cleidodiscus megalonchus (Mueller)]; Bychowsky, 1929, 
22-23: on P. fluviatilis 3-2% from Kostroma, U.S.S.R.; 1934, 206 (as. 
2H 2 
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Ancyrocephalus p.) on L. lucioperca from Lk. Beloje, U.S.S.R.; Dogiel & 
Bychowsky, 1933, 283: (as Dactylogyrus p. (Crepl.) on L. lucioperca from 
Aral Sea; Dogiel & Petruschewsky, 1933, 406-407: on L. lucioperca from 
Newabucht, U.S.S.R.; I. Bychowsky, 1936, 127: on P. fluviatilis 6-7% 
from Karelian Lks., U.S.S.R.; Sachwatkin, 1936, 185: on L. lucioperca 
100% from R. Kama, U.S.S.R.; Price, 1937 a, 124: syst.; Brinkmann, 
1940, 17: of. with Linguadactyla molvae. (Figs. 14 a—b herein.). 


Figures 14 a-. 


a-b: Ancyrocephalus paradoxus—a, Complete worm; 6, Terminal genitalia, cirrus, and accessory 
piece (stippled), with prostatic ducts and vas deferens (after Wegener). c: A. bassensis—Com- 
plete worm—note accessory vesicula seminalis above the prostatic glands (after Murray). d: 
A. atherinae—Haptor—note unequal length of marginal hooklets (after Price). e : A. lethrini— 
Anchors and supporting bars—note the vesicles, as also in A. vesiculosus (after Yamaguti). 


A. atherinae Price, 1934. 

Price, 1934 6, 2-3, figs. 3-4: on Atherina araea from Samana Bay, nr. Santa 
Barbara do Samana, Dominican Republic; 1937 a, 124: syst.; 19386, 
407—vecord only; distinguished from all other species by the markedly 
unequal length of the marginal hooklets. (Fig. 14 d herein.) 

A, bassensis Hughes, 1928. 

Hughes, 1928, 51-52, pl. 8, fig. 3: on Platycephalus bassensis from Victoria, 
Australia ; Murray, 1931, 492-493, pl. 20, fig. 2, pl. 22, figs. 10-12 : redescrip- 
tion,—on P. bassensis from Australia. (Fig. 14 ¢ herein.) 
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[(?) A. borealis (Olsson, 1893) Price, 1937. 

Olsson, 1893, 7-8, pl. 1, figs. 7-10: (as Dactylodiscus b.—type of gen. inq.), 
on Coregonus lavaretus and Thymallus vulgaris, from the Scandinavian Lakes ; 
Price, 1937 6b, 155: places this species, tentatively, in Ancyrocephalus Crepl. 
—though he gives a diagnosis of the gen. ing., Dactylodiscus—q. v.] 

A. bychowskii Markewitch, 1934, 29, fig.: on Hemichromis bimaculatus from the 
Leningrad Aquarium (the host is an African sp.). 
A. cruciatus (Wedl, 1857) Liihe, 1909. 

Wedl, 1857, 258-274, pl. 4, figs. 46-47: (as Gyrodactylus c.) on Cobitis fossilis 
(Europe) ; Dies., 1858 e, 381 : (as Tetraonchus c.); Liihe, 1909 6, 19, fig. 29: 
(as Ancyrocephalus c.) on M. fossilis from Vienna; Wegener, 1910, 22-24, 
text-figs. 4-5: (as Ancyrocephalus c.) on C. fossilis from E. Prussia; [non 
A. cruciatus of Cooper, 1915 =Actinocleidus fusiformis (Mueller, 1934) of 
Mueller, 1936]; Bychowsky, 1929, 23, fig. 6 (anchors): notes—on M. fossilis 
‘40%, from Kostroma, U.S.S.R.; Dogiel & Petruschewsky, 1933, 406-407 : 
on M. fossilis from Newabucht, U.S.S.R. 

A. forceps (Leuckart, 1857) Pratt, 1900. 

Leuckart, 1857, 26: (as Dactylogyrus f.) on Chondrostoma nasus and 
C. dobula (Europe); Linstow, 1878, 254: (as Dactylogyrus f.) on Squalius 
cephalus ; Pratt, 1900, 645: (as Ancyrocephalus f.) on Leuciscus sp. ; Liihe, 
1909 6, 19: record only (as Ancyrocephalus f—and probably identical with 
A. cruciatus (Wedl). 

A. lactophrys (MacCallum, 1915) Johnst. & Tiegs, 1922. 

MacCallum, 1915, 399-402, fig. 133: (as Diplectanum 1.) on Lactophrys 
: tricornis from the New York Aquarium; Johnst. & Tiegs, 1922, 95: syst. 
(as Ancyrocephalus 1.); Price, 1937 a, 125, figs. 6-9: redescr. (as Ancyro- 
: cephalus l.) on Acanthostracion quadricornis from the New York Aquarium. 

A. lethrini Yamaguti, 1937, 3-4, pl. 1, figs. 3-4: on Lethrinus haematopterus from 
the Inland Sea, Japan. (Fig. 14 e herein.) 

A. manilensis Tubangui, 1931, 109-112, pl. 1, figs. 1-3: on Teuthis virgata (type 
host), Lutianus lioglossus and Anyperodon leucogrammicus : causing the death 
of these fishes in the Aquarium of Bureau of Science, Manila. 

[? A. monticellii Cognetti de Martiis, 1924, 77—figs.—in the olfactory cavity of 
Ameiurus catus, from Cuneo, Italy ; Price, 1937 6, 151: (as Haplocleidus m.) 
—see Urocleidus m. [infra]. ] 

A. parvus Linton, 1940, 3, figs. 159-160; on Strongylura marina from the Woods 
Hole region, U.S.A. 

t A. similis Price, 1937 a, 125-127, figs. 10-13: on Priacanthus cruentatus and 
P. arenatus from the New York Aquarium. 
A. teuthis (MacCallum, 1915) Johnst. & Tiegs, 1922. 
MacCallum, 1915, 397-399, fig. 132: (as Diplectanum t.) on Teuthis hepatus 
: from the New York Aquarium; Johnst. & Tiegs, 1922, 95: syst. (as 
Ancyrocephalus t.); Fuhrmann, 1928, 9, 14, fig. 19; Price, 1937 a, 124-125, 
figs. 2-5: redescr.—on Acanthurus hepatus from the New York Aquarium. 
A. thysanophrydis Yamaguti, 1937, 1-3, figs. 1-2: on Thysanophrys japonicus 
from the Inland Sea, Japan. att 
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A. tylosuri (MacCallum, 1917) Johnst. & Tiegs, 1922. 

MacCallum, 1917, 55, fig. 25: (as Diplectanus t.) on T'ylosurus marinus 
from the New York Aquarium; Johnst. & Tiegs, 1922, 95: syst. (as Ancyro- 
cephalus t.); Price, 1937, 127, figs. 14-17: redescr.—on Strongylura marina 
from N.Y. Aquarium. 

A. vanbenedenii (Parona & Perugia, 1890) Johnst. & Tiegs, 1922. 

Parona & Perugia, 1890 a, 65, 68: (as Tetraonchus v.); 1892, 96-97, pl. 3, 
fig. 15: (as Tetraonchus v.) (syn. “‘ Gyrodactyle ’’ of van Beneden, 1870, 65, 
68), on Mugil auratus from the Meditr.; Par. & Per., 1895, 2: (as Dactylo- 
gyrus v.); St. Remy, 1898, 566-567: syst. (as Tetraonchus benedeni and 
T. van benedeni); Johnst. & Tiegs, 1922, 95: syst. (as Ancyrocephalus v.). 

A. vesiculosus Murray, 1931, 494-495, pl. 20, fig. 1, text-fig. 1 A: on Platycephalus 
bassensis from Victoria, Australia. 

[? A. vistulensis Siwakowna, 1931-1932, 669—figs.: from the gills and skin of 
Silurus glanis from River Vistula, Poland; Mizelle & Hughes, 1938— 
probably in Urocleidus, q. v.] 

Cleidodiscus Mueller, 1934, emend. Mizelle & Hughes, 1938. 

Mueller, 1934 6, 364; 1936 a, 62: emend.; Mizelle, 1936, 790: emend. ;. 
Price, 1937 6, 148; Mizelle, 1938 6, 18: definition excluding Leptocleidus and 
Tetracleidus ; Mizelle & Hughes, 1938, 345: revis. and redefined to include 
these two genera—key to 15 spp. from U.S.A.; Seamster, 1938, 603, 604— 
605, 607-609 : supporting the revision and syns. (syns. : Leptoclerdus Mueller, 
1936, partim ; Tetracleidus Mueller, 1936, partim). 

Generic diagnosis.—Tetraonchinae with cephalic glands opening through 
several (4-6) pairs of head organs. Haptor with 2 similar, non-articulating, 
bars supporting the two pairs of anchors—one pair of which is dorsal and 
the other ventral—and 14 marginal hooklets. 4 eyes present. Cirrus with 
two cuticularized points and a movable accessory piece articulated to its base. 
Vitellaria in posterior third of body and co-extensive with the intestinal 
crura, which are confluent posteriorly. Vagina (absent in C. prices, and 
perhaps also in C. mirabilis, C. brachus and C. megalonchus) with a large 
receptaculum seminis, and opening on the left margin, near the middle of 
the body. Parasites of the gills of freshwater fishes. 

Type species: Cleidodiscus robustus Mueller, 1934. 

CO. robustus Mueller, 1934. 

Mueller, 1934 6, 364-365, pl. 47, figs. 14: on Hupomotis gibbosus, Helio- 
perca macrochira and Apomotis cyanellus from the State Hatcheries, New 
York; 19364, 64, figs. 14, 26, 27, 44, 56, 57: on Lepomis gibbosus from 
Syracuse, N.Y., and L. incisor from Ohio; Mizelle, 1938 6, 18-20, figs. 1, 
13-21: (syn. Cleidodiscus incisor Mizelle, 1936, p. 790, figs. 1-7) on H. 
macrochira and L. cyanellus from Illinois; Mizelle & Hughes, 1938, 345- 
346: syst.; Summers & Bennett, 1938, 247-248: accept foregoing syns. 
and include Actinocleidus incisor of Summers (1937, 434); Kimpel, 1939 (in 
Miz. & Brennan, 1942, 144): record from L. cyanellus from Illinois; Miz. & | 
Brennan, 1942, 137-138, figs. 15-18: comparative description, on L. macro- 
chirus from Reelfoot Lk., Tenn., and Lk. Okeechobee, Florida. (Figs. 15 af 
herein.) 
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C. alatus Mueller, 1938. 
Mueller, 1938, 223, figs. 17-24: on Ambloplites rupestris from New 
York; Seamster, 1938, 605 : syst. ; Mizelle & Hughes, 1938, 345-346: syst. 
C. banghami (Mueller, 1936) Mizelle, 1939. 
Mueller, 1936 a, 70, figs. 33, 34, 48, 48, 52, 53: (as Tetracleidus b.—type 
species), on Micropterus dolomieu from Ohio; Price, 1937 b, 149: (as 
Tetraclerdus 6.) doubts the validity of Mueller’s genus and inclines to placing 


Figures 15 a-l 


EE 


a-f : Cleidodiscus robustus—a, Complete worm, dorsal view; 6, Egg ; c, Cirrus and accessory piece ; 

d, Dorsal anchors and bar ; ¢, Ventral anchors and bar ; f, Marginal hooklet (after Mizelle and 
Brennan). g-l: C. chelatus—g, Cirrus and accessory piece ; h, Vagina and receptaculum seminis— 
note spines at base of vagina, which are also present in C. robustus ; 1, Dorsal anchors and bar— 
note opposable pieces on anchors; j, Ventral anchors and bar; k, Hooklet of pair No. 1; 1, 
Hooklet of pair No. 5—this lies between the bars, but nearer to the ventral (after Mizelle and 
Jaskosky). 


this sp. in Cleidodiscus, as “‘ the only important difference between the two 

genera is the position of the vaginal aperture ” ; Mizelle & Hughes, 1938, 349 : 

syst. (as Urocleidus b.) ; Mizelle. 1939, 12 : (as Cletdodiscus b.) ; Seamster, 1938, 

605: (as Urocleidus b.); Mizelle, 1940 a, 289: (as Cleidodiscus b.); 1940, 

171-172, figs. 7-16: redescr. (as Cleidodiscus b.) on M. dolomieu and M. 

punctulatus from Tennessee ; Mizelle & Donahue, 1944, 608: (as Cledodiscus 
‘+b. }notes—on M. dolomieu from Opeongo Lk., Algonquin Pk., Ontario. 


~) 
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C. bedardi Mizelle, 1936. 

Mizelle, 1936, 797-798, figs. 12: on Xenotis megalotis from Embarrass R., 
Urbana, Illinois ; 1938 6, 29-30, figs. 6, 57-66: on X. megalotis from Illinois ; 
Mizelle & Hughes, 1938, 345-346: syst.; Seamster, 1938, 605: syst. ; 
Mizelle, 1939, 12; 19406, 172: study of variations—on Lepomis megalotis 
from Tennessee. 

C. brachus Mueller, 1938. : 

Mueller, 1938, 222-223, pl. 2, figs. 1-9, 25-31: on Semotilus atromaculatus 
and Margariacus margarita from nr. Panama, New York State; Seamster, 
1938, 605: syst.; Mizelle & Hughes, 1938, 345, 346: syst. 

C. capax Mizelle, 1936. 

Mizelle, 1936, 791-793, fig. 1: on Pomoxis annularis and P. sparoides ; 
1938 b, 20-22, figs. 7, 67-75 : on the same hosts from Lk. Senachwine, Illinois ; 
Seamster, 1938, 605: syst.; Mizelle & Hughes, 1938, 345, 346: syst. ; 
Mizelle, La Grave & O’Shaughnessy, 1943, 730-731: host specificity—on 
both P. annularis and P. nigromaculatus from Reelfoot Lk., Tennessee. 

C. chavarriai Price, 1938 6, 408, pl. 1, figs. 4-6: on Rhamdia rogersi from Costa 
Rica (San Pedro Montes de Oca). 

C. chelatus Mizelle & Jaskoski, 1942, 149, figs. 1-10: on Lepomis miniatus from 
Reelfoot Lk., Tennessee. (Figs. 15 g—/ herein.) 

C. diversus Mizelle, 1938. 

Mizelle, 1938 a, 466, figs. 1-7—on Apomotis cyanellus from Illinois ; 1938 6, 
30-32, figs. 141-147—also as n. sp.—on A. cyanellus from Ill. ; Seamster, 
1938, 605: syst. on A. cyanellus from Oklahoma; Mizelle & Hughes, 1938, 
345, 346: syst. 

C. floridanus Mueller, 1936. 

Mueller, 1936 b, 463, figs. 10, 16-19: on Jctalurus punctatus from Myakka 
R., and Lk. Okeechobee, Fla.; Seamster, 1938, 605: syst.; Mizelle & 
Hughes, 1938, 345, 346: syst.; Mizelle & Cronin, 1943, 205-206, 207: 
variations discussed—in some the ventral, and/or the dorsal, bar is similar 
to that in C. mirabilis, and the anchors are comparable with those of C. pricet 
—consider that further work may show that OC. mirabilis is identical with 
C. floridanus. 

GC. longus Mizelle, 1936. 

Mizelle, 1936, 793-794, fig. 11: on Pomoxis annularis from Lk. Decatur, 
Illinois; 1938 6, 22-24, figs. 4, 49-56: on P. annularis from Oklahoma ; 
Seamster, 1938, 605: syst.—on P. annularis from Oklahoma; Mizelle & 
Hughes, 1938, 345, 346: syst.; Mizelle & Cronin, 1948, 213: note that 
there is an enlarged base on the anchor shaft similar to that in Urocleidus 
distinctus and U. torquatus; Miz., La Grave & O'Shaughnessy, 1943, 730- 
731: host-specificity—on P. annularis from Reelfoot Lk., but never on P. 
nigromaculatus. . 

C. megalonchus (Mueller, 1936) Mizelle & Hughes, 1938. 

Mueller, 1936 a, 69-70, figs. 3, 25, 38-42 : (as Leptocleidus m.—type species), 
in the throat and on gill-bars of Micropterus dolomieu from Ohio; Price, 
1937 6b, 149 (as Leptocleidus m.): syst.; (syn. Ancyrocephalus paradoxus of 
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Cooper (1915, 190, pl. 2, fig. 11) from M. dolomiew from Canada); Mizelle & 
Hughes, 1938, 346: syst. (as Cleidodiscus m.) (syn. Tetraonchus unguiculatus 
of Stafford, 1905); Seamster, 1938, 605: syst., on Ambloplitis rupestris and 
Eupomotis gibbosus from Oklahoma. ) 


C. mirabilis Mueller, 1937. 


Mueller, 1937 6, 213, 6 figs.: on Lepomis olivaris from U.S.A.; Seamster, 
1938, 605: syst.; Mizelle & Hughes, 1938, 345, 346: syst.; Mizelle 
& Cronin, 1943, 205-206, 215-206, 218, pl. 2, figs. 1-13: comparative 
redescription of specimens on Ameiurus melas, Ictalurus punctatus and 
I. furcatus from Reelfoot Lk., Tenn., and cf. with those obtained by Mueller 
(1937 6) on Pilodictis olivaris (corrected name of type host) from an unspecified 
locality on the Mississippi River—a variable sp., and the ventral and dorsal 
bar sometimes like that of C. pricei, and in others like C. floridanus, the 
anchors have solid shafts—consider it may prove to be identical with C. 
floridanus (Tab. 2—comp. measurements from different hosts). 


CO. nematocirrus Mueller, 1937. 


Mueller, 19376, 212, 4 figs.: on Hupomotis gibbosus from Florida ; 
Seamster, 1938, 605: syst.; Mizelle & Hughes, 1938, 345, 346: syst. ; 
Mizelle, 1941 b, 98-99, figs. 1-16: redescr., from EH. microlophus from Florida. 


C. pricei Mueller, 1936. 


Mueller, 1936 b, 464, pl. 57, figs. 11-15: on Ictalurus punctatus, Ameiurus 
nebulosus and A. natalis from Myakka R., and Lk. Okeechobee, Fla. ; Mueller, 
1937 b, 207: record from Oneida Lk. on A. nebulosus ; Seamster, 1938, 605, 
608-609, figs. 1-7: on Ameiurus melas from Oklahoma : specimens from this 
host showed variation overlapping with forms complying with the definition 
of Haplocleidus Mueller, hence the latter genus is suppressed as a syn. This 
action had already been suggested on other evidence by Mizelle & Hughes 
(1938, 345, 346). Summers & Bennett, 1938, 247: record from Baton Rouge, 
Louisiana, on A. melas; Mizelle & Cronin, 1943, 205: a highly variable sp. 
—the ventral or dorsal bars may either be like those of the type specimen 
or of C. mirabilis; pp. 206-207: comparative redescription from specimens. 
on Ameirus melas, A. natalis, Ictalurus lacustris, I. punctatus and I. furcatus, 
from Reelfoot Lk., Tenn., pl. 1, figs. 65-74; p. 207—-similar anchors to 
C. floridanus ; 215-216, 219, tab. 3: size variations—conclusion that in this 
sp. the size varies inversely as the number of specimens harboured by the 
different host spp. Mizelle & Donahue, 1944, 608-609: on A. nebulosus 
from Dixon, Proulx and Smoke Lks., and on A. melas from Opeongo Lk., in 
Algonquin Pk., Ontario—measurements given show that this material averages 
very much smaller than southern forms from Reelfoot Lk. on the same host. 


CO. rarus Mizelle, 1940 a, 288-289, figs. 32-38: on Micropterus punctulatus from 


Tennessee. 


C. sp. of Mizelle & Donahue, 1944, 609: on Perca flavescens from Opeongo Lk., 


Algonquin Pk., Ontario—has similar anchors and hooks to Urocleidus adspectus, 
but a very different copulatory complex. 
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C. stentor Mueller, 1937. 

Mueller, 19376, 213, 5 figs.: on Ambloplites rupesiris from U.S.A. ; 

Seamster, 1938, 605: syst.; Mizelle & Hughes, 1938, 345, 346: syst. | 
C. travassosi Price, 1938 6, 407-408, pl. 1, figs. 1-3: on Rhamdia rogersi from 

Costa Rica (San Pedro Montes de Oca). 
CO. uniformis Mizelle, 1936. 

Mizelle, 1936, 794-795, fig. 3 (group): on Pomoxis annularis from Lk. 
Decatur, Illinois ; 1938 6, 24-26, figs. 12, 85-93: on P. annularis from Illinois 
and Oklahoma; Mizelle & Hughes, 1938, 345, 346: syst.; Seamster, 1938, 
605: syst.; Miz., La Grave & O’Shaughnessy, 1943, 730-731: host-speci- 
ficity : on P. annularis (from Reelfoot Lk.) but never on P. nigromaculatus. 

C. vancleavei Mizelle, 1936. 

Mizelle, 1936, 795-796, figs. 10 (group): on Pomoxis annularis from Lk. 
Decatur, Illinois; 19386, 27-29, figs. 5, 31-39: on P. annularis and P. 
sparoides from Illinois and Oklahoma (syns. Onchocleidus formosus Mueller, 
1936 b, 462, figs. 20-25, on P. sparoides from Lk. Okeechobee, Florida ; Cleido- 
discus formosus of Price, 1937 6b, 148; Mizelle & Hughes, 1938, 345, 346: 
syst. ; Seamster, 1938, 605: syst.; 609: control expts. with chlorinated tap 
water; on Ictalurus punctatus from Oklahoma and also on Amevurus melas, 
P. annularis and P. sparoides from Okla.; Mizelle, La Grave & O’Shaughnessy, 
1943, 730-731 : host-specificity—on both P. annularis and P. nigromaculatus 
from Reelfoot Lk., Tennessee. 

C. venardi Mizelle & Jaskoski, 1942, 147, figs. 49-61: on Lepomis miniatus 
from Reelfoot Lk., Tennessee. 
Dactylodiscus Olsson, 1893. 

Olsson, 1893, 7-8; Monticelli, 1903, 336: regarded as synonymous with 
Tetraonchus Dies.; Johnston & Tiegs, 1922, 95: as a subgenus of Ancyro- 
cephalus—but as Olsson’s definition was so vague it is desirable to have 
observations on the vagina, etc.; Price, 19376, 155: diagnosis quoted 
below ; but he considers it to be a genus inquirendum and places the ie 
(and only) species in Ancyrocephalus. 

Generic diagnosis.—Tetraonchinae ‘‘ Cephalic glands and head organs (?). 
Haptor pedunculated and lobed with 2 pairs of anchors: the dorsal pair 
larger and has a peculiarly shaped middle piece. Marginal hooklets (?). 
Eyes present. Testis and ovary entire, equatorial. Cirrus simple. 
Vagina (?).”’ Monotypic. 

D. borealis Olsson, 1893, 7-8, pl. 1, figs. 7-10: on Thymallus vulgaris and 
Coregonus lavaretus from Scandinavian lakes. 
Daitreosoma Johnst. & Tiegs, 1922. 

Johnst. & Tiegs, 1922, 98; Price, 1937 b, 146-147: diag. emend. 

Generic diagnosis.—Tetraonchinae ; the body having a constriction about a 
third the length from the anterior end. 3 pairs of head organs. Haptor with 
a single, simple, supporting bar articulating with one of the two pairs of 
anchors. Only one pair of marginal hooklets. Two pairs of eyes present. 
Intestinal crura without diverticula and confluent posteriorly, in front of the 
posterior third of the body. Vitellaria not in posterior third. Conspicuous 
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marginal vagina present. Type species: Daitreosoma constrictum Johnst. & 
Tiegs, 1922. 

D. constrictum Johnst. & Tiegs, 1922, 98-99, pl. 12, figs. 15-19, pl. 13, fig. 20: on 
Therapon carbo Ogilby & McCulloch, from Thompson River, Longreach,, 
Central Queensland, Australia. (Fig. 16 herein.) 


Figure 16. 


Daitreosoma constrictum—Complete worm (after Johnston and Tiegs). 


D. bancrofti Johnst. & Tiegs, 1922, 99-100, pl. 13, figs. 21-22: on Therapon hilli 
Castlenau, from Thompson River, Longreach, Central Queensland, Australia. 

Diplectanotrema Johnst. & Tiegs, 1922. 

Johnst. & Tiegs, 1922, 96 (as a subgenus of Ancyrocephalus Crepl. (Syn. 
Diplectanum pro parte); Price, 1937 a, 128: raises the subgenus of Johnst. 
& Tiegs to full generic rank. ; 

Generic diagnosis.—Tetraonchinae with the body more or less uniform in 
width and with one pair of head organs. Haptor cup-like and with a simple 
bar and the two pairs of anchors differing markedly in size and shape; 14 
marginal hooklets are present. 4 eyes. Ovary and testis in anterior third 
of body. Cirrus simple. Vitellaria with very large and discrete follicles in 
linear series on either side of body, extending nearly to the end. Vagina 
(apparently) absent. 

Type species: Diplectanotrema balistes (MacCallum, 1915) Johnst. & Tiegs,. 
1922. 

D. balistes (MacCallum, 1915) Johnst. & Tiegs, 1922, emend. Price. MacCallum,. 
1915, 402-403, fig. 135 (as Dzplectanum b.), on Balistes carolinensis [=B. 
capriscus Gmelin] from the New York Aquarium; 1916, 20-21, fig. 7: (as. 
Diplectanum pleurovitellum, n. sp.) on Teuthis hepatus and Anisotremus 
virginicus from New York Aquarium; Johnston & Tiegs, 1922, 45 (as. 
Ancyrocephalus balistes); 96 (as Ancyrocephalus (Diplectanotrema) pleuro- 
vitellum), syst.: regarding them as distinct species; Price, 1937 a, 129, 130, 
figs. 18-20 (as Diplectanotrema 6.): redescription and emendation—though 
it appears that Price only examined cotype material, and from this he 

discounts the presence of the vagina opening on the right margin as shown 

by MacCallum, 1915, fig. 135. In the same figure the long intestinal crura 
are shown to reach near the end of the body and are separate. Price unites 
both of MacCallum’s species and corrects the host names: on Anisotremus: 
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virgunicus, Acanthurus hepatus and Balistes capriscus Gm. (type host). 
Apart from the disputed features of MacCallum’s description, the present 
genus differs from its nearest relative (?) Ancyrocephalus in having a single 
haptoral bar, in the marked dissimilarity of the anchor pairs, and in the 
single pair of head organs. (Figs. 17 a—f herein.) 


Figures 17 a-f. 


a-f : Diplectanotrema balistes—a, Complete worm ; b, Cirrus; c, Haptoral bar; d, Ventral anchor ; 
e, Dorsal anchor ; f, marginal hooklet (after Price). 


Empleurosoma Johnst. & Tiegs, 1922. 

Johnst. & Tiegs, 1922, 100; Price, 1937 6, 147: emend. diag. 

Generic diagnosis.—Tetraonchinae, with strongly developed lateral regions 
in the anterior two thirds, the posterior third narrower and continuous with 
the haptor as in Daitreosoma. Haptor with a single transverse bar, two 
similar pairs of anchors and only two marginal hooklets. 4 pairs of head 
organs and 4 eyes present. The intestinal crura are confluent posteriorly, 
before the posterior third. Vagina absent. (Monotypic genus.) 

Type species: Empleurosoma pyriforme Johnston & Tiegs, 1922. 


Figure 18. 


Empleurosoma pyriforme—Complete worm (vesicula seminalis stippled)—note two pairs of glands 
opening on to ventral surface at level of intestinal bifurcation, also the gland mass in the post- _ 
intestinal region of body (after Johnston and Tiegs). 


E. pyriforme Johust. & Tiegs, 1922, 100-101, pl. 14, fig. 31, pl. 15, ott 32-34: onl 


Therapon unicolor Giinther, from Burnett River, 8. Queensland, Australia. 
(Fig. 18 herein.) 
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Haliotrema Jobnst. & Tiegs, 1922. 

Johnst. & Tiegs, 1922, 96-97 ; Price, 1937 a, redefined : considers that the 
genus may be a syn. of Ancyrocephalus, the absence of eyes being the only 
obvious difference—and suggests that the ‘gland cells” of Johnst. & Tiegs and 
of Yamaguti may be unpigmented eyes—regards the genus as valid provision- 
ally. Eyes have been shown to be present in H. xesuri Yam., 1938, and in 
H. mogurndae Yam., 1940, but this is not a critical factor in generic separation. 
Haliotrema differs from Ancyrocephalus in having a conspicuous vagina on 
the right side, and in the complex nature of the sheathed cirrus with its distal 
flanged accessory piece—but in spite of these features the genera may prove 
to be identical. (Figs. 19 a—e herein.) 


Figures 19 a-c. 


-a-b: Halioteonva australe—a, Haptor, posterior view; 6, Cirrus (after. Johnston and Tiegs) ; 
c, H. japonense—Complete worm—note the spiral, flange-like, accessory piece to cirrus (after 
Yamaguti), — 


ou 
= 


Generic diagnosis.—Tetraonchinae with 3-5 pairs of head organs. Haptor 
distinctly set off from body and bearing 2 nearly similar transverse bars and 
14 marginal hooklets. Intestinal crura not confluent posteriorly. Eyes 
_. present or absent. Cirrus large and complex, with a sheathing accessory 
piece which is flanged distally. Conspicuous vagina present with a heavily 
cuticularized lumen, opening on the right margin. 
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Type species: Haliotrema australe Johnst. & Tiegs, 1922. . 
H. australe Johnst. & Tiegs, 1922, 97-98, pl. 11, figs. 10, 12, 13, 14: on Upeneus- 
signatus Giinther, from Moreton Bay, 8.E. Queensland, Australia. (Figs. 19° 
a—b herein.) 
H. japonense Yamaguti, 1934. 
Yamaguti, 1934, 254-256, fig. 1: on Pseudupeneus chrysopleuron, from the- 
Inland Sea, Japan; 1937, 12, pl. 2, figs. 14-15: corrected description of the- 
genitalia. (Fig. 19 ¢ herein.) 


Figures 19 d-e. 


O-umm. 


d-e: Haliotrema spirophallus—d, Anterior half of worm—note spiral cirrus and bipartite vesicula- 
seminalis ; e, Haptor (after Yamaguti). 


H. mogurndae Yamaguti, 1940, 41-42, pl. 1, figs. 4-6: on Chaenogobius annularis- 
urotaenia (Hilgendorf) and Mogurnda obscura (Temm. & Schleg.), from KySto, | 
Japan : this is the first species of the genus to be recovered from a freshwater (f 
fish. 

H. spirophallus Yamaguti, 1937, 10-13, pl. 2, figs. 12-13: on Upeneoides benasi 
(Temm. & Schleg.), from Nagasaki, Japan. (Figs. 19 d-e herein.) 

H. xesuri Yamaguti, 1940, 42-44, figs. 4-5: on Xeswrus scalpellum (Cuv. & Val.),. 
from Hamazama, Mie, Japan. The anchors in this species are markedly — 
dissimilar and paired accessory rods are present. 
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: Lnnguadactyla Brinkmann, 1940. 
: Brinkmann, 1940, 1-18: discussion of relationships; resembles Calceo- 
i stomatidae on account of the diffuse nature of the cephalic glands, but other 
» . characters unite it with Tetraonchinae Montic., 1903. 
ss Generic diagnosis.—Tetraonchinae with a flattened tongue-shaped body, 
the posterior third or more is without vitellaria and is continuous with the 
f haptor. Haptor with a single bar articulating with the smaller of the two 
; pairs of anchors; 12 (? 14) marginal hooklets. Cephalic glands numerous 
fg and scattered in the anterior region, without head organs; eyes absent. 
i Intestinal crura with lateral diverticula but not confluent posteriorly : 
co-extensive with the vitellaria in the anterior two-thirds of the body. Ovary 
in anterior third; testes follicular, in the middle third of body. Vagina 
absent. 
Type (and only) species: Linguadactyla molvae Brinkmann, 1940. 


Figures 20 a-d. 


-a-d : Linguadactyla molvae—a, Complete worm ; 6, Diagram of genitalia (vitelline gland and longi- 
tudinal ducts stippled)—note ovovitelline duct separate from transverse vitelline duct ; c, Cirrus 
and accessory piece ; d, Haptor with single supporting bar (after Brinkmann). 


LL. molvae Brinkmann, 1940, 7-18, pls. 1-4, figs. 1-17: on the gills of Molva dipterygia 

Smitt [=—M. byrkelangi Walb.] from Norway (nr. Bergen). Unlike all other 

known Monogenea, this worm causes a local tissue reaction on the gill base 

$ —a collar of tissue grows up round the haptor ; young forms were also found. 
(Figs. 20 a-d herein.) 
Murraytrema Price, 1937. 

Price, 1937 b, 147; Mizelle & Hughes, 1938, 351-352: Syst. 

Generic diagnosis.—Tetraonchinae with 4 pairs of head organs. Haptor 
with a median and two lateral transverse bars and 2 similar pairs of anchors ; 
14 marginal hooklets. Intestinal crura without diverticula and not confluent 
posteriorly. Eyes present. Cirrus with accessory piece; vagina present 
and opening in the median ventral line. 
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M. robustum (Murray, 1931) Price, 1937, emend. 


a: Murraytrema robustum—Complete worm (after Murray); b-d: M. copulatum (from Catostomus~ 


M. copulatum Mueller, 1938, emend. 


Type species: Murraytrema robustum (Murray, 1931) Price, 1937. 


Murray, 1931, 496, pl. 20, fig. 4: (as Ancyrocephalus robusta) on Sparus- 
australis Giimther, from Victoria, Australia; Price, 19376, 147: as type of 
the new gen. Murraytrema (as M. robusta); Mizelle & Hughes, 1938, 351-- 
352: Syst. In a personal communication Dr. Baylis points out that the- 
specific name should be emended to M. robustum for the sake of agreement. 
(Fig. 21 a herein.) 


Figures 21 a-h. 


commersonii)—b, Vagina; c, Cirrus and accessory piece (stippled); d, Anchors and the three 
supporting bars, ventral view. e-g: M. copulatum (from Hypentelium nigricans)—e, Vagina ;. 


f, Cirrus and accessory piece (stippled) ; g, Haptor ; h, Egg (after Mueller). 


Mueller, 1938, 222, pl. 1, figs. 7-13: (as WU. copulata) on Catostomus com- 
mersonit (Lac.), Pvseractirn nigricans (Le Sueur), Moxostoma anisurum 
(Raf.) and M. erythrurum (Raf.), from nr. Panama, New York: Specimens — 
taken in June, frequently in copula; in specimens from C. commersonu the 
ventral and dorsal anchors were approximately equal, in specimens from other Pe 
hosts the ventral is less than the dorsal; the central bars in C. commersonit = 
forms were also slightly different from those fromthe other two sere 
that it is possible that the latter may be a distinct species ; Mizelle & 1 Hughes 
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1938, 352: syst.; Seamster, 1938, 605: name-validity (as M. copulata). 
Dr. Baylis points out (personal communication) that the name should be 
emended to M. copulatum. (Figs. 21 b-h herein.) 

Parancyrocephaloides Yamaguti, 1938. 

Yam., 1938, 20: definition of monotypic genus. 

Generic diagnosis.—Tetraonchinae with a small body from which the haptor 
is well demarcated. Haptor with only one transverse bar, which articulates 
with only one (the ventral) of the similar pairs of anchors; 14 marginal 
hooklets. 2 pairs of head organs and 2 pairs of eyes. Intestinal crura simple 
and confluent posteriorly. Testis large and folded upon itself; 2 prostatic 
reservoirs, and a vagina present which opens mid-laterally on the left side. 

Type species: Parancyrocephaloides daicoci Yamaguti, 1938. 
P. daicoci Yam., 1938, 19-21, pl. 3, figs. 3-5: on Daicocus peterseni (Nystrém) 
from Koti, Japan. (Figs. 22 a-c herein.) 
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Figures 22 a-c. 
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a-c: Parancyrocephaloides daicoci—a, Complete worm, ventral view; 6, Terminal genitalia ; 
c, Haptor—note supporting bar only to ventral anchors (after Yamaguti). 


Rhabdosynochus Mizelle & Blatz, 1941. 

Mizelle & Blatz, 1941, 105, (syn. Rhadbdosynochus of Mizelle & Blatz, 1941, 
105—this is undoubtedly a misprint, though unfortunately it is the first 
mention of the name in the paper; subsequent designations are all 
as Rhabdosynochus). 

Generic diagnosis.—Tetraonchinae with two haptoral bars which are fused 
with each other at their mid-regions. The dorsal and ventral anchors are 
dissimilar and there are 14 marginal hooklets. Intestinal crura are not 
confluent posteriorly. The cirrus and accessory piece are broadly articulating 
with each other. Vagina absent. 4 eye spots, and there are some spines on 
the body. 

Type species: Rhabdosynochus rhabdosynochus Miz. & Blatz, 1941. 
R. rhabdosynochus Miz. & Blatz, 1941, 105-106, figs. 1-10: on Centropomus 

undecimalis from Florida. (Figs. 23 a-e herein.) 

 Tetrancistrum Goto & Kikuchi, 1917. 
Goto & Kikuchi, 1917, 13-20; Fuhrmann, 1928, 9, 16, 20, fig. 29 (2): 
comp. anat.; Johnston & Tiegs, 1922, 101: syst.; Price, 19376, 154: 
diagnosis emend. (Syns. Diplectanum of MacCallum, 1915, partim ; Ancyro. 
cephalus of Johnst. & Tiegs, 1922, partim.) 
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Generic diagnosis.—Tetraonchinae with 2-3 pairs of head organs. Haptor 
with 2 dissimilar transverse bars, each articulating with a similar pair of 
anchors (the ventral bar may appear double), and probably always 14 marginal 
hooklets. Intestinal crura are confluent posteriorly. Eyes absent. Vagina 
present, opening on the right margin. 


Figures 23 a-e. 


a-e: Rhabdosynochus rhabdosynochus—a, Cirrus and accessory piece (stippled) ; 6, Ventral anchors ; 
c, Dorsal anchors ; d, Marginal hooklet ; e, Fused supporting bars (after Mizelle and Blatz). 


Type species: Tetrancistrum sigani Goto & Kikuchi, 1917. 

T. sigani Goto & Kikuchi, 1917, 13-20, pl. 2, figs. 11-15 : on Siganus fuscescens 
Houttuyn, from Japan ; Price, 1937 b, 155: cf. with 7. longiphallus ; Yama- 
guti, 1938, 16-17: on S. fuscescens from Tarumi, Hyogo, Japan; Ishii & 
Sawada, 1938, 232: on Epinephelus chlorostigma and S. fuscescens from 
Japan. (Figs. 24 a-f herein.) 

T. longiphallus (MacCallum, 1915) Price, 1937. 

MacCallum, 1915, 403-405, figs. 136: (as Diplectanum 1.) on Chaetodipterus 
faber (Broussonet), from the New York Aquarium; Johnst. & Tiegs, 1922, 
95 (as Ancyrocephalus 1.) ; Price, 19376, 154-155, figs. 9-11: redescribed 
from cotype material (as Tetrancistrum 1.) (Syns. Duplectanum longiphallus 
MacC., 1915; Ancyrocephalus longiphallus (MacC.) Johnst. & Tiegs, 1922). 
(Figs. 24 g~j herein.) 

T. lutiant Tubangui, 1931. 

Tubangui, 1931, 112-114, pl. 2, figs. 14: on Lutianus lioglossus from the 
Aquarium of the Bureau of Science, Manila, Philippine Islands; Price, 1937 }, 
155: cf. with 7. longiphallus. 

Urocleidus Mueller, 1934. 

Mueller, 1934 6, 364-365, 368-369; 1936 a, 457-459; 19366, 65-66 (as 
Urocleidus)—also 1936 a, 460 (as Aristocleidus) ; 1936 6, 66 (as Onchocleidus) ; 
1936 b, 70-76 (as Tetracleidus) ; 1937 b, 209-210 (as Haplocleidus) ; 1937 6, 
210-211 (as Pterocleidus) ; Price, 1937 6, 149 (as Urocleidus), 148 (as Aristo- 
cleidus), 149 (as Tetracleidus), 150 (as Onchocleidus), 150 (as Pterocleidus), 
150-151 (as Haplocleidus); 1937 a, 122-123: key to these genera (here 
regarded as synonyms) and their allies, and notes that many of Mueller’s 
genera (1936, 1937) may not prove to be valid ; Mizelle, 1938 6, 48: redefined 
Urocleidus sensu stricto; also 32 : redefined Onchocleidus; 46: redefined Ptero- 
cleidus ; Mizelle & Hughes, 1938, 341-343, 346-347: redefined Urocleidus— 
sensu lato—with key to the valid species (syns. : Aristocleidus Mueller, 
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1936—“ anchors of different shape ’’ ; Haplocleidus Mueller, 1937—“‘ anchors 
of difit. sizes”; Pterocleidus Mueller, 1937—“‘ anchors spurred”; Oncho- 
cleidus Mueller, 1936; Tetracleidus Mueller, 1936): synonyms based on the 
study of variations in the genera of Mueller, which showed overlapping inter 


Figures 24 a-J. 


a-f: Tetrancistrum sigani—a, Complete worm, dorsal view (semi-diagrammatic) ; 6, Reproductive 
; organs, dorsal view—note the anterior prostatic gland on the right, and the posterior on the 
left ; c, Anchor of posterior pair ; d, Anterior haptoral bar ; ¢, Posterior bar ; f, Anchor of posterior 
pair. gj: T. longiphallus—g, Ventral haptoral bar; h, Dorsal bar (after Goto and Kikuchi) ; 
i, One pair of the very similar Anchors ; j, Cirrus (after Price). 


i 
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alia; Seamster, 1938, 605-606, 607-609: further comparative studies of 
variations support the conclusions of Miz. & Hughes, particularly regarding 
the syns. Onchocleidus and Tetracleidus. 

Generic diagnosis.—Tetraonchinae with body form, eyes, intestine, gonads, 
_vitellaria and bars as in Cleidodiscus. Cirrus a cuticularized tube, with or 
__ without a cirral thread or fin, sometimes corkscrew-like. Accessory piece 
present or absent; if present, never basally articulate with cirrus. Vagina, 
when present, opening on the right margin, near the middle. Dorsal and 
ce aa each supported by a similar bar; 14 marginal hooklets. 
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Type species: Urocleidus aculeatus (Van Cleave & Mueller, 1932) Mueller, 1934. 
U. aculeatus (Van Cleave & Mueller, 1932) Mueller, 1934. 

Van Cleave & Mueller, 1932, 25, pl. 4: (as Ancyrocephalus a.) on 
Stizostedion vitrewm from Oneida Lake, N.Y.; Mueller, 1934, 369 (as 
type sp. of Urocleidus) ; 1936 a, 65, fig. 17; Seamster, 1938, 605: syst. ; 
Price, 19376, 149: syst.; Mizelle & Hughes, 1938, 348: syst. 

U. acer (Mueller, 1936) Mizelle & Hughes, 1938. 

Mueller, 1936 a, 68, figs. 9, 35, 64 : (as Onchocleidus a.) on Hupomotis gibbosus 
from Cross Lk., N.Y.; 1937 6, 210 (as the type of Pterocleidus Muell., 
1937); Mizelle, 1936, 785-806 (as Onchocleidus a.): on Lepomis macrochira 
and L. humilis from Illinois; Price, 1937 6, 150: syst. (as Pterocleidus 
a.); Mizelle & Hughes, 1938, 347, 349: syst. (as Urocleidus a.) ; Seamster, 
1938, 605, 610: syst. (as Urocleidus a.) on Helioperca macrochira from 
Oklahoma ; Mizelle & Brennan, 1942, 139-140, figs. 19-26: comparative 
descr. and variations (as Urocleidus a.) on L. macrochirus from Reelfoot 
Lk., Tennessee. (Figs. 25 b-d herein.) 


Figures 25 a-. 


a: Urocleidus ferox, side view (after Mueller). 6-d: U. acer—b, c, Two views of cirrus, cirral thread 
and acessory piece; d, Haptor showing dorsal and ventral anchors and bars, in situ (after 
Mizelle and Brenan). e-f: U. attenuatus—e, Vagina and receptaculum seminis ; f, Cirrus, cirral 
thread and accessory piece (after Mizelle and Jaskosky). g: U. chaenobryttus (var. of Mizelle 
and Jaskosky, 1942), showing ventral anchor (on left) and dorsal anchor (on right), both with 
spined bars, and both anchors with opposable pieces as in d (after Mizelle and Jaskosky). h-7: 
U. parvicirrus—h, Vagina ; 7, Cirrus and accessory piece (after Mizelle and Jaskosky). 


U. acuminatus (Mizelle, 1936) Mizelle & Hughes, 1938. 

Mizelle, 1936, 802-803, fig. 5: (as Onchocleidus a.) on Xenotis megalotis 
from Embarrass R., Illinois; Mueller, 19376, 211: (as Piéerocleidus a.) ; 
Mizelle, 1938 6, 46-48, figs. 11, 94-102: (as Pterocleidus a.) ; Miz. & Hughes, 
1938, 347, 349: syst. (as Urocleidus a.); Seamster, 1938, 605: syst. (as 
Urocleidus a.); Price, 1937 6, 150: syst. (as Pterocleidus a.). 
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. adspectus Mueller, 1936. 

Mueller, 1936 a, 65-66, figs. 28, 29, 49, 54, 55: on Perca flavescens from 
Cross Lake, N.Y.; Price, 19376, 149: syst.; Miz. & Hughes, 1938, 347, 
348 : syst. ; Seamster, 1938, 606: syst.; Mizelle & Donahue, 1944, 615-616, 
figs. 54-65: on type host from Long, Opeongo & Proulx Lakes, Ontario— 
redescription. 

. affinis (Mueller, 1937) Mizelle & Hughes, 1938. 

Mueller, 1937 6, 209, 5 figs.: (as Haplocleidus a.) on Hupomotis gibbosus 
from Florida ; Price, 1937 6, 150: syst. (as Haplocleidus a.) ; Miz. & Hughes, 
1938, 347, 349: syst. (as Urocleidus a.); Seamster, 1938, 606: syst. (as 
Urocleidus a.). 

. angularis Mueller, 1934. 

Mueller, 1934 6, 369, pl. 47, figs. 12-16: (as Uroceleidus a.) on Fundulus 
diaphanus nemona from Oneida Lake, N.Y.; Mueller, 1936 a, 71): (as 
Ancyrocephalus a.); Price, 1937 b, 149: examines the original specimens and 
considers there is no valid reason for Mueller’s placing it in Ancyrocephalus 
(sensu lato); he accordingly returns it to Urocleidus (sensu lato); Mizelle & 
Hughes, 1938, 348: syst. (as Urocelidus a.); Seamster, 1938, 605: syst. 
(as Urocelidus a.). 

. attenuatus Mizelle, 1941. 

Mizelle, 1941 6, 99-100, figs. 25-38: on Hupomotis microlophus from 
Florida; Mizelle & Brennan, 1942, 141: a few measurements from one 
specimen from Lepomis macrochirus from Florida; Miz. & Jaskoski, 
1942, 148, figs. 11-24: on Lepomis miniatus from Reelfoot Lake, 
Tennessee ; Mizelle & Cronin, 1943, 208, on Lepomis microlophus from Reel- 
foot Lk., Tenn. : redescription and extension of the range of measurements— 
cf. with previous material; p. 216: distribution Florida specimens signifi- 
cantly smaller than those from Tenn. (Figs. 25 ef herein.) 

. biramosus (Mueller, 1937) Mizelle & Hughes, 1938. 

Mueller, 1937 6, 210, 3 figs.: (as type of Pterocleidus) on Lepomis pallidus 
from Florida; Price, 1937 b, 150: syst. (as Péerocleidus b.); Mizelle & Hughes, 
1938, 347, 350: syst. (as Urocleidus b.); Seamster, 1938, 606: syst. (as 
Urocleidus 6.) on Helioperca macrochira Mizelle & Brennan, 1942, 
141: (as Urocleidus b.) on Lepomis macrochirus from Florida. 

. chaenobryttus Mizelle & Seamster, 1939. 

Miz. & Seamster, 1939, 503, figs. 8-20: on Chaenobryttus gulosus from 
Florida; Mizelle & Jaskoski, 1942, 148-149, figs. 74-82: a variant 
of this sp. descr. on Lepomis miniatus Jordan from Reelfoot Lk., Tenn. ; 
Mizelle & Cronin, 1943, 209, 219, Tab. 4: emendation of description and 
comparisons show that Florida specimens are smaller than those from Ten- 
nessee—in Chaenobryttus coronarius (Bartram) [corrected name of host] from 
Reelfoot Lk., Tenn. (Fig. 25 g herein.) 

. chautauquaensis (Mueller, 1938) Mizelle & Hughes, 1938. 

Mueller, 1938, 223, pl. 2, figs. 10-16: (as T'etracleidus c.) on Ambloplites 
rupestris from Chautauqua Lk., New York ; Mueller,1938, cbid.: in explanation 
of figs. as Cleidodiscus c. (? misprint) ; Mizelle & Hughes, 1938, 348, 350 : syst. 
(as Urocleidus c.); Seamster, 1938, 606: syst. (as Urocleidus c.). 


246 


NORA G. SPROSTON : 


U. cyanellus (Mizelle, 1938) Miz. & Hughes, 1938. 


Mizelle, 1938 a, 467, figs. 22-28: (as Onchocleidus c.) on Apomotis 
cyanellus from Illinois; 19386, 40-41, figs. 135-140: (as Onchocleidus c. 


—also as n. sp.) ; Mizelle & Hughes, 1938, 348, 350: syst. (as Urocleidus c.); __ 


Seamster, 1938, 606, 610: syst. (as Uvrocleidus c.) on A. cyanellus from 
Oklahoma and Illinois. 


U. dispar (Mueller, 1936) Miz. & Hughes, 1938. 


Mueller, 1936 a, 68-69, figs. 11, 24, 47: (as Onchocleidus d.) on Eupomotis 
gibbosus from Constantia, N.Y. ; 19376, 210: (as type of Haplocleidus) ; 
Price, 19376, 150: syst. (as Haplocleidus d.); Mizelle, 1938 a, 465: (as 
Haplocleidus d.) on Lepomis macrochirus from Mlinois; Miz. & Hughes, 1938, 
347, 349: syst. (as Urocleidus d.); Seamster, 1938, 606, 610: (as Urocleidus d.) 
on Helioperca macrochira and Allotis humilis from Oklahoma; Mizelle & 
Cronin, 1948, 209-210, 215-216: redescription and comparisons—on Huro 
salmoides from Reelfoot Lk., Tenn. (thought to be probably ectopic 
on this host, because it is rare for a sp. of Tetraonchinae to have this host in 
common with the others recorded for it); size variation and distribution 
discussed—the ventral bar and accessory piece are similar to that of U. parvi- 
cirrus ; Mizelle & Donahue, 1944, 617: notes from type host, Ontario. 


U. distinctus (Mizelle, 1936) Mizelle & Hughes, 1938. 


Mizelle, 1936, 803, fig. 6: (as Onchocleidus d.) on Xenotis megalotis from 
Embarrass R., Illinois ; Mizelle, 19386, 38-40, figs. 8, 109-117 (as 
Onchocleidus d.); Miz. & Hughes, 1938, 348, 349: syst. (as Urocleidus d.) ; 
Price, 1937 6, 150: syst. (as Onchoclerdus d.); Seamster, 1938, 606: syst. 
(as Urocleidus d.); Mizelle & Cronin, 1943, 213: note that the enlarged base 
of the anchor shaft is similar to that in U. torquatus and Cleidodiscus longus. 


U. ferox Mueller, 1934. 


Mueller, 19346, 370, pl. 47, figs. 7-9: on Hupomotis gibbosus from 
Constantia, New York (as Urocleidus f.) ; 1936 a, 66-67, figs. 12, 36, 37, 45, 
61, 62: (as type of Onchocleidus Mueller, 1936); Price, 19376, 150: 
syst. (as Onchocleidus f.) ; Miz. & Hughes, 1938, 348: syst. (as Urocleidus f.) on 
Lepomis gibbosus from Illinois ; Seamster, 1938, 605: syst. (as Urocleidus f.) ; 
Miz. & Seamster, 1939, 503:. cf. with U. chaenobryttus (as Urocleidus f.) ; 
Mizelle & Donahue, 1944, 617-618, find that U. mucronatus is a syn. of this 
sp.-g.v. (Fig. 25a herein.) 


U. fundulus Mizelle, 1940. 


Mizelle ,1940 a, 285-287, figs. 1-21: on Fundulus catenatus from Tennessee. 


U. furcatus (Mueller, 1937) Mizelle & Hughes, 1938. 


Mueller, 1937 6, 210, 4 figs. : (as Haplocleidus f.) on M icropterus salmoides — 


from Florida; Price, 1937 6, 150: syst. (as Haplocleidus f.); Miz. & 
Hughes, 1938, 347, 349: syst. (as Urocleidus f.); Seamster, 1938, 606: 
syst. (as Urocleidus f.); Summers & Bennett, 1938, 247: on M. salmoides 
from Louisiana; Mizelle, 1939, 12 (as Urocleidus f.); Mizelle, 1940 6, 168- 


169, 175: redeser. (as Urocleidus f.)—including wide variations from type— _ 


on M. salmoides and M. punctulatus from Tennessee; Mizelle & Cronin, 
1943, 211: accessory piece similar to that in U. parvicirrus. 
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U. grandis Mizelle & Seamster, 1939. : 

Miz. & Seamster, 1939, 502, figs. 1-7: on Chaenobryttus gulosus from Florida ; 
Mizelle & Cronin, 1943, 210-211, pl. 2, figs. 47-53: on Chaenobryttus coronarius 
(Bartram) [corrected name of type host] from Reelfoot Lk., Tenn., comparative 

_ redescription with Florida material shows the worms of the present collection 
to be of a significantly larger size—Table 5, p. 220. 
U. hastatus (Mueller, 1936) Miz. & Hughes, 1938. 

Mueller, 1936 6, 460, figs. 4-9: (as the type of Aristocleidus Mueller, 1936) 
on Roccus lineatus from nr. Fort Ogden, Florida; Price, 1937 6, 148-149: 
re-examines type material and makes corrections as to position of anchors 
and number of marginal hooklets (14, and not 12) (as Aristocleidus h.): 
Miz. & Hughes, 1938, 347: syst. (as Urocleidus h.); Seamster, 1938, 606 ; 

' syst. (as Uroclerdus h.). 

U. helicis (Mueller, 1936) Miz. & Hughes, 1938. 

! Mueller, 1936 a, 67-68, figs. 2, 18, 63: (as Onchocleidus h.) on Micropterus 
salmoides, from Cross Lake, N.Y. ; Price, 1937 b, 150: syst. (as Onchocleidus h.) ; 
Miz. & Hughes, 1938, 348, 349: syst. (as Urocleidus h.); Seamster, 1938, 
605: syst. (as Urocleidus h.). . 

U. wterruptus (Mizelle, 1936) Miz. & Hughes, 1938. 

Mizelle, 1936, 799-800, fig. 4: (as Onchocleidus 1.) on Morone wnterrupta 
from Lake Decatur, Illinois; Mizelle, 19386, 34-36, figs. 2, 103-108 (as 
Onchocleidus 1.); Price, 19376, 150: syst. (as Onchocleidus 1.); Miz. & 
Hughes, 1938, 348, 349: syst. (as Urocleidus 1.) ; Seamster, 1938, 606: syst. 
(as Urocleidus 1.). 

U. malleus (Mueller, 1938) Miz. & Hughes, 1938. 

Mueller, 1938, 223, pl. 3, figs. 1-6: (as Cleidodiscus m.) on Percona caprodes 
and Hadropterus maculatus from New York; Mizelle & Hughes, 1938, 
345, 348, 350: syst. (as Uroclerdus m.); Seamster, 1938, 606: syst. 
(as Urocleidus m.). 

U. mimus (Mueller, 1936) Miz. & Hughes, 1938. 

Mueller, 1936 a, 67, figs. 13, 19: (as Onchocleidus m.) on Esox reticulatus 
and (?) Lepibema chrysops from Ohio.; Price, 19376, 150: syst. (as 
Onchocleidus m.); Miz. & Hughes, 1938 6, 348, 349: syst. (as Urocleidus 
m.); Seamster, 1938, 605: syst. (as Urocleidus m.). 

U. miniatus Mizelle & Jaskoski, 1942. 

Miz. & Jaskoski, 1942, 150, figs. 25-32: on Lepomis miniatus Jordan, 
from Reelfoot Lk., Tennessee. 

(?) U. monticellit (Cognetti de Martiis, 1925), n. aah 

Cognetti de Martiis, 1925, 76-81, 1 fig.: (as Ancyrocephalus m., q. v.) on 

Ameiurus nebulosus, Haustor catus from Italy ; Price, 1937 6, 151: considers 
the validity of the generic allocation and places it tentatively in Haplocleidus 
_ Muell.—hence it would fall in Urocleidus Miz. & Hughes, sensu emend. 

_ U. moorei Mizelle, 1940. 

Mizelle, 1940 a, 287-288, figs. 22-31: on COatostomus flabellaris from 
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U. mucronatus (Mizelle, 1936) Miz. & Hughes, 1938. 

Mizelle, 1936, 800-801, fig. 8: (as Onchocleidus m.) on Helioperca incisor, 
Allotis humilis, Eupomotis gibbosus and a hybrid between H. incisor and 
E. gibbosus from Lake Senachwine, Illinois; Price, 19376, 150: syst. (as 
Onchocleidus m.) ; Miz., 1938 b, 36-38, figs. 9, 22-30: (as Onchocleidus m.) on 
L. macrochira from Illinois and Oklahoma; Miz. & Hughes, 1938, 348, 349 : . 
syst. (as Urocleidus m.) ; Seamster, 1938, 605, 610: syst. (as Urocleidus m.) on | 
Helioperca macrochira and A. humilis from Oklahoma ; Summers & Bennett, 
1938, 247-248: on L. macrochirus from Louisiana; Miz. & Seamster, 1939, 
503: cf. with U. chaenobryttus ; Miz. & Brennan, 1942, 135-137, figs. 1-14: 
(as Urocleidus m.) on L. macrochirus from Reelfoot Lk., Tennessee, and Lk. 
Okeechobee, Florida; comparative description of forms from the different 
localities ; variations examined show that some are intermediate, and may 
connect this sp. with the outlying variations of U. ferox—this latter sp. so far 
only recorded from N.Y. State—but U. mucronatus is known in various places 
in the Mid-West and South of U.S.A.; Mizelle & Cronin, 1943, 215: dis- 
cussion of size variation ; Miz. & Donahue, 1944, 617-618 : emend description 
and find this sp. synonymous with U. ferox, q. v. 

U. parvicirrus Mizelle & Jaskoski, 1942. 

Miz. & Jaskoski, 1942, 150-151, figs. 62-73: on Lepomis miniatus 
from Reelfoot Lk., Tenn.; Mizelle & Cronin, 1943, 210-211, 216: com- 
parative redescription—on Lepomis microlophus from Reelfoot Lk., Tenn.— 
distribution ; accessory piece similar to that of U. furcatus and U. dispar, 
though the cirrus resembles that of U. perdix, and the ventral bar is like that 
of U. dispar. (Figs. 25, h-« herein.) 

U. perdix (Mueller, 1937) Mizelle & Hughes, 1938. 

Mueller, 1937 6, 208, figs. 9, 39-41 : (as Onchocleidus p.) on L. macrochirus 
and L. pallidus from Florida ; Price, 1937 6, 150: syst. (as Onchocleidus p.) ; 
Miz. & Hughes, 1938, 348, 349: syst. (as Urocleidus p.); Seamster, 1938, 606 : 
syst. (as Urocleidus p.); Mizelle & Cronin, 1948, 211: cirrus similar to that 
in U. parvicirrus. 

U. principalis (Mizelle, 1936) Mizelle & Hughes, 1938. 

Mizelle, 1936, 798-799, fig. 2: (as Onchocleidus p.) on Micropterus 
pseudaplites from Salt Fork of Big Vermillion R., Homer, Illinois; Price, 
1937 b, 150: syst. (as Onchocleidus p.) ; Mueller, 1937 b, 208: (as Onchocleidus 
p.) on Micropterus salmoides from Florida ; Mizelle & Hughes, 1938, 348, 349 : 
syst. (as Urocleidus p.); Miz., 1938 6, 32-34, figs. 3, 76-84 (as Onchocleidus p.): 
includes as syn.: Onchocleidus contortus Mueller (1937, 208, figs. 15, 42-44—on 
M. salmoides from Florida), on M. pseudaplites, M. dolomiew and Aplites | i 
salmoides from Illinois ; Seamster, 1938, 605, 610: syst. (as Urocleidus p.) on 
M.dolomieu from Oklahoma; Summers & Bennett, 1938, 249: (as Urocleidus p.) 
on M. salmoides from Louisiana; Mizelle, 1939, 12 (as Urocleidus vp.) ; 
1940 a, 289: on M. dolomieu from Tennessee ; 1940 b, 166-168, 174, 178, figs. 
17-29: (as Urocleidus p.) on M. punctulatus, M. dolomieu and M. salmoides 
from Tennessee ; variations discussed; Mizelle & Cronin, 1943, 211-212: 
comp. redescription—on Huro salmoides from Reelfoot Lk., Tenn. 

U. procax Mizelle & Donahue, 1944. 

Mizelle & Donahue, 1944, 618-619, pl. 1, figs. 62-68, on Lepomis gibbosus 

from Lakes in Algonquin Pk., Ontario. 
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U. seculus Mizelle & Arcadi, 1945. 

Mizelle & Arcadi, 1945, 293-296, figs. 1-20, on Gambusia affinis affinis from 
San Gabriel River, nr. Whittier, Calif. 

(?) U. silurt (Zandt, 1924), n. comb. 

Zandt, 1924, 213, text-figs. 7-12: (as Ancyrocephalus s.) on Silurus glanis 
from Lk. Constance, Europe ; Yamaguti, 1937, 6; regards this sp. as Ancylo- 
discoides s. [vide supra] ; Price, 19376, 150-151: (as Haplocleidus s.—and 
identical with Haplocleidus [Ancyrocephalus] vistulensis Siwak., 1932—also 
from 8. glanis—from Poland). [If the reasoning of Price is accepted, then the 
sp. would fall into Urocleidus, s. lat.]. 

U. similis (Mueller, 1936) Miz. & Hughes, 1938. 

Mueller, 1936 a, 67, figs. 10, 23, 46: (as Onchocleidus s.) on Hupomotis 
gibbosus from Cross Lk., N.Y.; Price, 1937 6, 150: syst. (as Onchocleidus s.) ; 
Miz. & Hughes, 1938, 348: syst. (as Urocleidus s.); Seamster, 1938, 605 : 
syst. (as Urocleidus s.). 

U. spiralis (Mueller, 1937) Miz. & Hughes, 1938. 

Mueller, 1937 6, 209, fig. 8: (as Onchocleidus s.) on Hupomotis gibbosus from 
Florida; Price, 1937 b, 150: syst. (as Onchocleidus s.); Miz. & Hughes, 
1938, 348, 349: syst. (as Uvocleidus s.) ; Seamster, 1938, 606: syst. (as 
Urocleidus s.). 

U. torquatus Mizelle & Cronin, 1943, 212-213, pl. 2, figs. 14-29 : on Lepomis micro- 
lophus from Reelfoot Lk., Tenn. ; nearest to U. variabilis, though it is also 
like Cleidodiscus longus and U. distinctus in having enlarged terminal portion 
on the anchor shaft—which serves to distinguish it at once from U. variabilis. 

U. umbraensis Mizelle, 1938. 

Mizelle, 1938 a, 466-467, figs. 15-21: on Fundulus notatus from Illinois 
(noted as the only parasite on the gills of this host in the Illinois region) ; 
1938 b, 48-49, figs. 159-165 (also as “n. sp.”); Miz. & Hughes, 1938, 
348, 350: syst.; Seamster, 1938, 606: syst. 

U. variabilis Mizelle & Cronin, 1943, 213-214, pl. 2, figs. 30-46: on Lepomis micro- 
lophus from Reelfoot Lk., Tenn.; very closely related to U. torquatus—one of 
the outstanding points of difference being that the base of the anchor shafts 
is not expanded. 

[U. vistulensis—see Ancyrocephalus (p. 230).] 

DIPLECTANINAE Monticelli, 1903. 

Monticelli, 1903, 336 (in fam. Gyrodactylidae); Johnston & Tiegs, 1922, 101 
(as Lepidoptreminae, n. s.f., and referred to below, on the same page, as 
Lepidotreminae [the former name is probably a misprint] including: Lepido- 
trema (type gen.), Flabellodiscus; Lepidotes, Hmpleurosoma, Acleotrema and 
Lamellodiscus). These authors, like Fuhrmann, 1928, Van Cleave & Mueller, 
1932, and Sprehn, 1933, regarded Diplectanum as syn. with Ancyrocephalus ; 
Price, 1937 6, 156: revives Diplectaninae Montic., and separates Diplectanum 
(as the type gen.) from Ancyrocephalus; this arrangement has apparently 
been accepted by subsequent authors. Price’s diagnosis has been emended 


to include Neodiplectanum Miz. & Blatz. 
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Subfamily diagnosis——Dactylogyridae in which the body, especially the 
posterior half, is covered with anteriorly directed scale-like spines (absent in 
Neodiplectanum). Cephalic glands present, opening to the exterior through head 
organs. Haptor bearing paired squamodiscs, dorsal and ventral; sub-sessile 
or sessile discs covered with concentric rows of scale-like spines or lamelle, with 
or without accessory hooks. Two pairs of anchors with two, three or five 
supporting bars. 14 marginal hooklets probably always present. Intestine 
sac-like, or crura without diverticula. Two pairs of eyes present. Cirrus simple 
or complex. Testis and ovary without lobes. Vagina present. \ 

Type genus: Dvuplectanum Diesing, 1858. 


Key to the Genera of Diplectaninae. 


1. Squamodises with concentric rows of paired lamelle and three haptoral 


DALE 5 ost b a ein Ste ote Rist bbarichede as -n.ora nie olh lita ns etal ts errata teen Lamellodiscus J. & T. 
Squamodiscs with concentric rows of scale-like spines or spine-like hooks 
and:2, B:OriD/ Parse a). sce occler eco escpe bye) 05) uel el a cig tcl ae oem ate 2. 
2. Squamodiscs with spine-like hooks and 5 bars..............-.eeeeeee- Lepidotrema J. & T. 
Squamodises with scale-like spines and 2-3 bars ..............0+0e00es 3. 
3. Intestine biftireate 2) 505. . 6 65s 2 ve ater). sa res oto anor ae 4, 
Intestine ‘a single lobed Bac:..2 63.0.8 Sass ee bale ae alae ee 5. 
4. Cirrus-with.an ejaculatory bulb (3 bars) ....<. .4.<cissus sald oe eee Diplectanum Dies. 
Cirrus without an ejaculatory bulb (3 bars) ..................see00ee- Squamodiscus Yam. 
5. Two haptoral ibars : 5 sc cg s+ sie onus saints wale o/s) sie pee mete age eee Neodiplectanum 


[Miz. & Blatz. 


Diplectanum Diesing, 1858. 

Dies., 1858, 315, 381-382 (syn. Dactylogyrus of Wagener, 1857, partim) ; 
MacCallum, 1915, 396-397 (as subgen. of T’etraonchus); Johnston & Tiegs, 
1922, 95 (as syn. of Ancyrocephalus Crepl.); Fuhrmann, 1928, 27 (as syn. of 
Ancyrocephalus Crepl.) ; Sprehn, 1933, 28 (as syn. of Ancyrocephalus Crepl.) ; 
Price, 1937 b, 156-157: justifies the validity of the genus (syns.: Dactylo- 
gyrus of Wagener, 1857, Acleotrema Johnst. & Tiegs, 1922, Lepidotes Johnst. 
& Tiegs, 1922, Squamodiscus Yam., 1934); emend. diagnosis. Emend. 
herein to exclude Squamodiscus. : 

Generic diagnosis.—Diplectaninae. Squamodiscs consisting of concentric 
rows of scale-like spines or rodlets, without groups of accessory spine-like 
hooks. Three transverse haptoral bars. Cirrus with ejaculatory bulb. 
Vagina present (?) or absent. 

Type species: Diplectanum aequans (Wagener, 1857) Dies., 1858. 
D. aequans (Wagener, 1857) Dies., 1858. 

Wagener, 1857, 99, pl. 15, fig. 14: (as Dactylogyrus a.) on Labraz lupus 
(Europe) ; Diesing, 1858, 381: (as type of Diplectanum, n. g.); van Beneden 
& Hesse, 1863, 121, 122-123, pl. 13, figs. 9-22: (as Diplectanum a.) on L. lupus 
from Belgium ; Vogt, 1878, 315-322, pl. 14, fig. 2, pl. 15, fig. 5, pl. 16, fig. 1: 
anat. of reproductive organs ; Sonsino, 1890 (Nov. 16), 173-174: on Umbrina 
cirrosa from the Mediterranean; MacLaren, 1904 a, 573, 574-602, pl. 20, 
figs. 1-12, pl. 21, figs. 13-16, 18, 20, 22, text-figs. A, C, 1-5: redescr. (as 
Diplectanum a.); Scott, Th., 1905, 117, pl. 6, fig. 24 (as Diplectanum a.) : 
very brief account—3 pairs of head organs figured, but actually figd. and 
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described upside down and ‘‘ head” with 2 hooked spines—on JL. lupus 
from Scotland ; Johnston & Tiegs, 1922, 95 : (as Ancyrocephalus a.) ; Viassenko, 
1928, 245: (as D. aegans): cf. with [Aviella] baikalensis ; Fuhrmann, 1928, 
30: (as Ancyrocephalus a.); Price, 1937 6, 156-157: syst. (as Diplectanum a. 
—type by subsequent designation). (Figs. 26 a—f herein.) 

D. aculeatum Parona & Perugia, 1889. 

Par. & Per., 1889, 745: on Corvina nigra from Genoa; MacLaren, 1904, 

576-577, 593, 601 ; Price, 1937 b, 157: _ syst. 

D. americanum Price, 1937 b, 158, figs. 12-15: on Promicrops itairva from the New 
York Aquarium. (Figs. 26 g-h herein.) 


Figures 26 a-h. 


a-{: Diplectanum aequans—a, Complete worm ; b, Anterior end showing “head organs,”’ brain and 
eyes ; c, Haptor, showing glands producing secretion near anchors; d, Haptoral bars; e, An 
anchor ; f, genitalia (after MacLaren). g-h: D. americanum—g, Haptoral bars ; h, Male copu- 
latory organ (after Price). 


r7 D. coilinsi (Mueller, 1936) Price, 1937. 
Mueller, 1936 6, 458, figs. 1-3: (as Lepidotes c.) on Roccus lineatus from 
Florida ; Price, 1937 6b, 157 (as Duplectanum c.). 
D. echeneis (Wagener, 1857) Parona & Perugia, 1889. 

Wagener, 1857, 99, pl. 15, fig. 13: (as Dactylogyrus e.) on Chrysophrys aurata 
from Mediter,; Diesing, 1858, 379 (as Dactylogyrus e.); Par. & Per., 1889, 
_ «746: (as Diplectanum echineis—misprint for D. echeneis) on Sargus rondeletii 
_-_—-—-— from Genoa ; 1892: (as Diplectanum e.) on S. rondeletii from Genoa and Pagrus 
4 _ vulgaris from Trieste; Johnston & Tiegs, 1922, 95: (as Ancyrocephalus e.) ; 
Price, 1937 6, 157 (as Diplectanum e.). 


iyi: 212 
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D. fluviatile (Johnst. & Tiegs, 1922) Price, 1937; emend. 

Johnst. & Tiegs, 1922, 107-109, pl. 20, figs. 65-72, pl. 21, fig. 73: (as 
Lepidotes fluviatilus—type of new gen.) on Plectroplites ambiguus from Thompson 
River, Longreach, Central Queensland, Australia; Murray, 1931,499: (as Lepidotes 
fluviatilis) on P. ambiguus from Murray River, Victoria, Australia ; Price, 
1937 6, 157: (as Diplectanum fluviatilis); Dr. Baylis (personal communication) 
points out that the specific name should be emended, for the sake of agreement, 
to D. flurratile. 

D. girellae (Johnst. & Tiegs, 1922) Price, 1937. 

Johnst. & Tiegs, 1922, 110-112, pl. 13, figs. 23-25, pl. 14, figs. 26-30: 
as Acleotrema g.—type of new gen.) on Girella tricuspidata Quoy & Gaimard, 
from Caloundra, 8.E. Queensland, Australia; Yamaguti, 1934, 269 (as 
Acleotrema g.): cf. with Squamodiscus longipenis; Price, 19376, 157 (as 
Diplectanum q.). 

Yamaguti, 1934, 258-259, considers that the genus Acleotrema Johnst. & Tiegs, should be retained 


on account of the peculiar ‘“ genital cavity ’ and the absence of a vesicula seminialis and prostatic 
reservoir. 


»” 


D. epinepheli Yamaguti, 1938, 

Yamaguti, 1938, 22-23, pl. 3, fig. 6: on Hpinephalus akaara (Temm. & 

Schleg.) from the Inland Sea, Japan. 
D. pedatum (Wagener, 1857) Diesing, 1858. 

Wagener, 1857, 99, pl. 15, fig. 12, pl. 36 A, fig. 3: (as Dactylogyrus pedatus) 
on Julius sp. from the Mediterranean ; Dies., 1858, 382 (as Diplectanum p.) ; 
MacLaren, 1904, 574, 575, 601 (as Diplectanum p.); Johnst. & Tiegs, 1922, 
95 (as Ancyrocephalus pedatus) ; Price, 1937 b, 157 (as Diplectanum pedatum). 

D. sciaenae van Beneden & Hesse, 1863. 

van Beneden & Hesse, 1863, 123-124, pl. 13, figs. 23-31: (as Diplectanum 
scloenae) on Scroena (sic) aquila from Belgium: Sonsino, 1891, 263-264 (as 
Diplecanum sciaenae) on Sciaena umbra from the Mediterranean ; Johnst. & 
Tiegs, 1922, 95: (as Ancyrocephalus s.); Price, 1937 b, 157: syst. (as 
Diplectanum s.). 

The name sciaenae is retained in preference to the original spelling, since by internal evidence, there 
was an error in transcription of the name of the host (Int. Rules: Art. 19 and Opinion 34); also 
according to Opinion 93 the name of the host should be ‘‘ Sciaena Linn., 1758 (umbra L.=Cheilodipterus 

‘aquila Lacep. as restr. by Cuvier, 1815),” 
Lamellodiscus Johnston & Tiegs, 1922. 

Johnst. & Tiegs, 1922, 112-113; Price, 1937 6, 159: diag. emend.—quoted 
below. 

Generic diagnosis._—Diplectaninae with the dorsal and ventral squamodiscs 
consisting of numerous concentric rows of paired lamelle. Anchors supported 
by three cuticular bars. Vagina present. 

Type species : Lamellodiscus typicus Johnst. & Tiegs, 1922. 
L. typicus Johnst. & Tiegs, 1922. 

Johnst. & Tiegs, 1922, 113-114, pl. 21, figs. 74, 78, 78 a: on Sparus australis 
Giinther, from Moreton Bay, Australia ; Price, 1937 6, 159: syst. (Figs. 27 a—b 
herein.) - 

L. major Murray, 1931, 498, pl. 20, fig. 3, text-fig. 1 C: on Sparus australis from 
the Werribee River, Victoria, Australia. 
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L. pagrosomi Murray, 1931, 
Murray, 1931, 496-498, pl. 22, fig. 15, text-fig, 1 B: on Pagrosomus 
auratus from Port Phillip Bay, Australia; Yamaguti, 1938, 21-22: on 
Pagrosomus unicolor (Quoy & Gaimard) from Japan. 


Figures 27 a-. 


ont 3 oe > > Or er ee 


a-b : Lamellodiscus typicus—a, Complete worm ; 6, Haptor with squamoaisc 
(after Johnston and Tiegs). 


Lepidotrema Johnston & Tiegs, 1922. 

Johnston & Tiegs, 1922, 102; Price, 19376, 158: emend. to include the 
two related genera erected by Johnst. & Tiegs, since these are based only on 
characters of specific value. (Syns. Hmpleurodiscus Johnst. & Tiegs (1922, 
109); Flabellodiscus Johnst. & Tiegs (1922, 104).) 

Generic diagnosis.—Diplectaninae in which the dorsal and ventral squamo- 
discs, covered with concentric rows of scale-like papillae on one side, and a 

fan of backwardly directed spine-like hooks on the other. The anchors are 
’ supported by 5 transverse bars (two opposite pairs and a central piece). 
Y Intestine bifurcate, the crura becoming confluent a short distance behind 
their tips. Vagina present or absent. 
Type species: Lepidotrema therapon Johnst. & Tiegs, 1922 
L. therapon Johnst. & Tiegs, 1922. 
Johnst. & Tiegs, 1922, 102—104, pl. 15, figs. 35-37, pl. 16, figs. 38-42, pl. 17, 
figs. 45-49: on Therapon carbo from Thompson River, Longreach, Central 
Queensland, Australia ; Price, 1937b, 158-159 : syst. ; recognized as the type 
sp. of Lepidotrema—sensu Price. (Figs. 28 a-f herein.) 
L. angustum (Johnst. & Tiegs, 1922) Price, 1937; emend. 
Johnst. & Tiegs, 1922, 109-110, pl. 19, figs. 56-60, 63-64: (as Hmpleurodiscus 
4 angustus—the type of Empleurodiscus Johnst. & Tiegs, 1922) on Therapon 
unicolor from Burnett River, S. Queensland, Australia; Price, 1937 6,159: syst. 
(as Lepidotrema angustus) ; Dr. Baylis points out (personal communication) that 
the name should be emended, for the sake of agreement, to L. angustum. 
L. bidyana Murray, 1931. 
Murray, 1931, 498-499, pl. 20. fig. 5: on Therapon bidyana from Murray 
i; River, Victoria, Australia ; Price, 1937 b, 159, syst. (as Lepidotrema b.). 
__ L.. fuliginosum Johnst. & Tiegs, 1922. ) 
Johnst. & Tiegs, 1922, 105, pl. 16, figs. 44, pl. 17, figs. 50-51 on T'herapon 
fuliginosus Macleay, from Thompson River, Longreach, Cent. Queensland, 
Australia ; Price, 1937 6, 159: syst. 


} 
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L. simplex (Johnst. & Tiegs, 1922) Price, 1937. 
Johnst. & ‘Tiegs, 1922, 105-107, pl. 18, figs. 54-55, pl. 19, figs. 61, 62: (as 
the type of the genus Flabellodiscus Johnst. & Tiegs—used in the sense of a 
genus and a subgen.) on Therapon fuliginosus Macleay, from the Thompson 
River, Cent. Queensland, Australia ; Price, 1937 6, 159: syst. (as Lepidotrema s.). 
L. tenue Johnst. & Tiegs, 1922. 
Johnst. & Tiegs, 1922, 104-105, pl. 16, fig. 43, pl. 18, figs. 52,53: on 
Therapon hilli Castelnau, from Thompson River, Longreach, Cent. Queensland, 
Australia ; Price, 1937 6, 159: syst. 


Figures 28 a-f. 


a-f : Lepidotrema therapon—a, Complete worm—note cirrus with spirally coiled flange-like accessory 
piece, proliferating vesicula seminalis (coarse stipple), and prostatic glands (fine stipple) ; degener- 
ating testis, and short confluence of intestinal crura; 6, one of the squamodises, surface view ; 
c, Central and the two lateral supporting bars of one side of the haptor; 4, Dorsal anchor ; 
e, Ventral anchor; f, Young worm—note large, mature testis; immature vesicula seminalis 
(coarse stipple), and the two prostatic glands (fine stipple) (after Johnston and Tiegs). 


Neodiplectanum Mizelle & Blatz, 1941, 106. 

Generic diagnosis.—Diplectaninae with squamodiscs similar to those in 
Diplectanum Dies., but with only two haptoral bars which are fused with 
each other in the mid-line. Anchors are similar in size and shape: each 
with a slender, solid shaft, a sickle end and an opposable piece. Copulatory 
complex consisting of a cirrus and accessory piece which are basally articulated. 
Vagina present. 4 eye-spots. On the gills of marine fishes. 

Mizelle and Blatz (1941, loc. cit.) point out that Neodiplectanum differs from its nearest ally, 
Diplectanuwm, in having only 2 instead of 3 haptoral bars, and these are really fused—a condition _ 
similar to that in Actinocleidus and Rhabdosynochus. The squamodises resemble those of Diplectanum, 
and have 20-25 rows of cuticular structures like those figured by Mueller for D. collinsi. There are 
no body spines in Neodiplectanum though they are present ‘‘in many species ” of Diplectanum, and 
in the latter genus the intestine is bifurcate, with non-confluent crura, whereas in Neodiplectanum 
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it is rhabdocoelic in the type species—though, owing to the strong development of the vitellaria, 
accurate observation is not possible. 


Type species: Neodiplectanum wenningeri Miz. & Blatz, 1941. 
N. wenningert Miz. & Blatz, 1941, 107-108, figs. 11-21: on Hucinostomus gula 
(Cuv. & Val.) from Florida. (Figs. 29 a—f herein.) 


Figures 29 a-f. 


a-f: Neodiplectanum wenningeri—a, b, Cirrus with basally articulated accessory piece (two views) ; 
c, Posterior anchor; d, Anterior anchor; e, Marginal hooklet ; f, Fused supporting bars (after 
Mizelle and Blatz). 


Squamodiscus Yamaguti, 1934. 

Yam., 1934, 259: in fam. Gyrodactylidae v. Ben. & Hesse (sic), and subfam. 
Lepidotrematinae Johnst. & Tiegs; Price, 1937 6, 156, 157: considers genus 
unjustified and makes it identical with Diplectanwm—sensu Price; Yam., 
1938, 23: disagrees with Price, and reinstates the genus. 

Yamaguti (1938) points out that Squamodiscus differs from Diplectanum in the squamodises being 
provided with hooks instead of rodlets or scales. There are important differences in the genitalia— 
for instance, the bulbus ejaculatorius is present in Diplectanum but absent in Squamodiscus. He 
concludes: ‘ For these reasons I cannot agree with Price in regarding Squamodiscus as a synonym 
of Diplectanum. Modern taxonomy of trematodes should not be based on external characters alone.” 

Generic diagnosis.—Diplectaninae in which the squamodiscs have hook-like 
spines in concentric rows, but no accessory spine-like hooks. 4 eye-spots 


Figures 30 a-b. 


a: Squamodiscus longipenis—a, Complete worm (vitellaria only partly indicated), ventral view ; 
b, Enlarged view of the first few of the twenty rows of spines on the squamodiscs (after Yamaguti). 


present. Intestinal crura not confluent posteriorly. Pyriform vesicula 
i. seminalis leading to a simple, slender, tubular cirrus which is provided with 
a Sheathing accessory piece. Cirrus projecting through a wide genital pore 
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slightly to the right of the median line, just posterior to the intestinal bifur- 
cation. At the base of the cirrus is a pair of small muscular tubes (“‘ guber- 
naculum cirri ’’) which are connected at their bases. There is a small tubular 
prostatic reservoir and numerous large gland-cells near it. A vagina is 
present opening ventrally near the middle line. No “ genital cavity” is 
present, such as was found in Acleotrema by Johnst. & Tiegs. Parasitic on 

‘ the gills of marine fishes. 

Type species: Squamodiscus longipenis Yamaguti, 1934. 

S. longipenis Yam., 1934, 256-259, fig. 2: on Therapon oxyrhynchus Temm. & 

Schleg. from the Inland Sea, Japan ; Price, 1937 b, 156, 157: (as Diplectanum 
l.); Yam., 1938, 23 (as Squamodiscus 1.). (Figs. 30 a—b herein.) 


BOTHITREMATINAE Price, 1936. 


Price, 1936, 11; 1937a, 121; 19376, 159, 161: creates the new subfam. 
for the monotypic genus Bothitrema, which he considers (p. 161) to be inter- 
mediate between Dactylogyridae and Monocotylidae on account of the scattered 
disposition of the cephalic glands, but scattered glands have recently been 
found in a typical Tetraonchid—Linguadactyla. Price, however, takes the 
cuticular supporting “bars” to be strong evidence that its main affinities 
are with the Dactylogyridae. 

Subfamily diagnosis.—Dactylogyridae in which the cephalic glands are 
scattered throughout the preoral end of the body (rather than in lateral 
groups) and opening to the exterior through 4 cup-like head organs on each 
side. Haptor discoidal, bearing one pair of anchors and 2 transverse bars 
and there are 14 marginal hooklets. In addition there is a circle—broken 
in the median line—of tightly packed tubular structures, arranged radially. 
Two pairs of eyes present. Intestine single and sac-like. (Vagina ?) 

Type genus: Bothitrema Price, 1936. 


Figures 31 a-f. 


a-f: Bothitrema bothi—a, Complete worm ; 8, Cirrus and accessory piece; ce, Anchor; d, Ventral 
haptoral bar ; e, Dorsal bar; f, One of the tube-like sclerites from haptoral rings (after Price). 


Bothitrema Price, 1936. 
Price, 1936, 11; 1937 6, 159 (syn. Acanthocotyle Monticelli, of MacCallum, 
1913). 
Generic diagnosis.—Monotypic genus, with the characters of the subfamily. 
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B. bothi (MacCallum, 1913) Price, 1936. 

MacCallum, 1913 d, 407-410, figs. 1-3: (as Acanthocotyle bothi) on Bothus 
maculatus from Woods Hole, Mass.; 19166, 486-487, fig. 27: redescr. (as 
Acanthocotyle) ; Johnst. & Tiegs, 1922, 124: uncertainty of syst. position of 
this “ aberrent species ” (as Acanthocotyle b.); Price, 1936, 11: as type of 
a new gen. Bothitrema ; 1937 b, 159-161, figs. 16-19 : redescr. with corrections, 
from co-type material, from Lophopsetta maculata; Brinkmann, 1940, 
55-56: discusses morphology, but apart from excluding it from 
Acanthocotyle Montic., refrains from classifying it. (Figs. 31 a-f herein.) 


CALCEOSTOMATIDAE Parona & Perugia, 1890; emend. Poche, 1926. 

Par. & Per., 1890, 19 (as Calceostomidae): used in the sense of a subfam. ;. 
Monticelli, 1903, 336: raises Calceostomidae Par. & Per. to family rank: subfam. 
Calceostominae containing Calceostoma and Fridericianella; Tagliani, 1912, 310, 
erects subfam. Anoplodiscinae, containing Anoplodiscus; Johnst. & Tiegs, 1922, 
118-119: emend. and divide Calceostomidae (sic) into Caleceostominae and Dion- 
chinae—Calceostominae charac. by bifurcated intestine with marked diverticula. 


Vagina (apparently) absent or present. Testis single. The head bearing a pair 


of lappets—to incl. Calceostoma and Fridericianella; Poche, 1926, 109: emend. 
name of fam. to Calceostomatidae ; Fuhrmann, 1928, 27: (as Calceostomidae incl. 
Calceostoma, Fridericianella and Cathariotrema) ; Price, 1937 6b, 162: emend. name 
(in ignorance of the same emend. by Poche, 1926) and incl. the same two genera 
as Montic.; Fischthal & Allison, 1941, 519: emend. diagnosis to include 
Acolpenteron, Anonchohaptor and Anoplodiscus—Price, is said to be in agreement 
with this emend. (in F. & A.): a key to the genera in this fam. is given. Since 
none of the foregoing authors mention Manter’s genus, T’ricotyle, which he placed 
tentatively in this fam., the diagnosis and key of Fischthal and Allison have been 
modified to include it. 

Family diagnosis.—Gyrodactyloidea in which the cephalic glands are not concen- 
trated into head organs, but remain scattered over a considerable area of the 
anterior end of the body, which is, typically, expanded into head lobes—though 
these lobes or lappets may be absent. Haptor sucker-like, though not strongly 
muscular, with or without anchors, and marginal hooklets usually present. Cirrus 
simple, cuticularized. Vagina present or absent. 

Type genus: Calceostoma van Beneden, 1858. 


Key to the Genera of Calceostomidae. 


1, Testes composed of a number of irregular lobes ..............00eeeeeeeees Tricotyle. 
ee EN false Cine mins: hy we whine EIS BWV Ale ieilks e's ek oes see Betiy bas 
Bet air Gumacudosnckers at ant. end of body ooh. ssa. cece ccs eee eee Anoplodiscus. 
Pte EeOCK CYA BOSCNE | ois is oc esee emia uss vv wok ce cee deceee eee 3. 
3. nfo os ahaa eee ee ME sd Sas Lo a's <n eed pee ee eee Calceostoma. 
SR etd MN ss. 06. wo <= ow 5.0.54 pire mm Oe PK wap wainla 0 UP eee 4, 
4. TEAS cate Acolpenteron. 
ES BES STS a a 5. 
5. Eyes absent: ovary tubular and median ....................... Fridericianella. 
Eyes present : ovary loops round right intestinal limb............ Anonchohaptor. 
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Calceostoma van Beneden, 1858. 

van Ben., 1858, 59-60 ; 1861 idem. ; Johnst. & Tiegs, 1922, 119: redefined ; 
Price, 1937 b, 162: definition—adopted below; Fischthal & Allison, 1941, 
519-520: syst. 

Generic diagnosis.—Calceostomatidae in which the anterior end of the body 
is expanded to form head-lappets, which are large and curled round above 
the mouth. Haptor large and cup-shaped (? always) armed with marginal 
hooklets, and a pair of anchors with two transverse bars and a median, 
anteriorly directed, supporting bar. Intestinal crura with numerous short 
diverticula. Eyes present. Testis elongated and ovary lobed. Vagina 
absent. 

Type species : Calceostoma calceostoma (Wagener, 1857) Dies., 1859. 
C. calceostoma (Wagener, 1857) Diesing, 1859. 

Wagener, 1857, 99, fig. (as Dactylogyrus c.) on Sciaena aquila (Europe) ; 
v. Ben., 1858, 60-63, 169, 170, 189, 190, 196, pl. 7, figs. 1-8 (as Calceostoma 
elegans) on Sciaena aquila, from Belgium; 1861, idem; Sonsino, 1890 (4 May), 
16 (as C. elegans) on Sciaena umbrina from Pisa; 1890 (16 Nov.), 174-176 : 
cf. with C. inerme (as C. elegans); Par. & Per., 1892, 97-98, figs. 5, 16, 17 
(as C. elegans) on S. aquila from Genoa ; Diesing, 1859, 441 (as C. calceostoma 
(Wag,); syn. C. elegans v. Ben.); Johnston & Tiegs, 1922, 119, 121-122: 
syst. (as C. calceostoma); Price, 1937 6, 162: syst., erroneously attributes 
the comb. C. calceostoma to Johnst. & Tiegs, 1922, instead of to Dies., 1859. 
(Figs. 32 a-d herein.) 

Figures 32 a-d. 


S:O min, 


a-d: Caiceostoma calceostoma—a, Complete worm; b, Genitalia; c, Anchor complex (after van 
Beneden) ; d, Anchor complex (after Parona and Perugia). 


C. glandulosum Johnst. & Tiegs, 1922, 119-122, pl. 2, figs. 75-77, pl. 22, figs. 
79-86, on Sciaena antarctica Castelnau, from aes Ss. Queens atte 
Australia. (Figs. 33 a—c herein.) 
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©. inerme Par. & Per., 1889 a, 747, pl. 2, fig. 6, on Corvina nigra from Genoa ; 
Sonsino, 1890 (Nov. 16), 174-176, on Umbrina cirrosa from Pisa, cf. with 
C. elegans ; Par. & Per., 1892, 98-100; Johnst. & Tiegs, 1922, 119, 121-122: 
syst. as valid sp.; Wlassenko, 1931, 96-98, fig. 2, from Black Sea: 
?C. inerme; Price, 1937 b, 162: syst., as a valid sp. 


Figures 33 a-c. 


a-c: Calceosioma glandulosum—a, Complete worm; 6, Anchor complex, showing main muscles ; 
c, marginal hooklets (after Johnston and Tiegs). 


C. sp. of Par. & Per., 1890, on Umbrina cirrosa ; 1892, footnote on p. 100, pl. 3, 
fig. 18 shows a single bifid anchor. 

C. sciaenae Yamaguti, 1940, 44-46, figs. 6-7, on Sciaena schlegeli (Bleeker), from 
Hamazima, Mie, Japan: notes that the intestinal crura are irregular in 
outline, the haptor without marginal hooklets, and the testes divided into a 
number of follicles. 

Acolpenteron Fischthal & Allison, 1940. 

Fischthal & Allison, 1940, 34: definition; 1941, 519: syst. 

Generic diagnosis.—Calceostomatidae without head lappets, eyes or anchors. 
Haptor cup-like with 14 marginal hooklets. Body covered with sensory hairs 
arising from papillae. ‘Testis single and elongated. Ovary elliptical, median. 
Vagina ventral, near right margin. Intestinal crura without diverticula but 
confluent posteriorly. 

Type species: Acolpenteron ureteroecetes Fischt. & Allison, 1940. 

A. ureteroecetes Fischthal & Allison, 1940. 

Fischthal & Allison, 1940, 34-385; 1941, 517-518, figs. 1-5, in ureters and 
urinary bladder of Muicropterus dolomiew and Huro salmoides from 
Michigan ; 1942, 53-56, figs. 1-7: life history, in Huro salmoides. (Figs. 34 a-c 
herein.) 

A. catostomi Fischt. & Allison, 1942, 53-56, figs. 1-7: life history, in the ureters 
of Hypentelium nigricans and Catostomus commersont commersoni from 

_ Michigan. (Figs. 34 d-g herein.) 

Anonchohaptor Mueller, 1938. 

Mueller, 1938, 220-221: diagnosis adopted below; Fischthal & Allison, 

1941, 521: shortened diagnosis. 
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Generic diagnosis :—Calceostomatidae with prominent head-lappets. Haptor 
disc-like without anchors but with 14 “ marginal”’ hooklets (12 marginal 
and 2 central). 4 eyes present. Intestine without diverticula, but the crura 
are united by a commissure posterior to the testis. Testis single, small ; 
cirrus complex: a tapering cuticular tube with an accessory piece, opening 
on the median ventral surface. Ovary looping round the right intestinal 


Figures 34 a-g. 


Acolpenteron wreteroecetes—a, Complete worm, ventral view; 6, Egg; c, Cirrus and accessory 
piece (stippled). d-g: A. catostomi—d, Larva showing groups of ciliated cells and eyes; e, 
Hatched egg ; f, Cirrus and accessory piece (stippled) ventral view: the cross-bar is not always 
present ; g, Cirrus and accessory piece, lateral view (after Fischthal and Allison). 


limb ; oviduct joins ootype complex on ventral side of intestinal crus. Large — 
shell-gland present, the cells of which extend from uterus to posterior edge © 
of testis. Vitellaria distributed over the body from pharynx to beyond the 
end of intestine. Vagina ventral on right margin. 


Type species: Anonchohaptor anomalum Mueller, 1938. 
A. anomalum Mueller, 1938, 221, pl. 1, figs. 1-6, on the gills of Catostomus commer- 


sonnu, Hypentelium nigricans and Moxostoma duquesni from Chautauqua 
Lk., New York. (Figs. 35 a-d herein.) 


Annies Sonsino, 1890. 


Sonsino, 1890 (Nov. 16), 171; 1891 (Nov. 16), 147-148; Monticelli, 1903, 
336: syst., placed in n. subfam. Anisocotylinae (which was erected without 
a corresponding genus, and therefore invalid) ; Montic., 1905, 67-71: places 
Anoplodiscus, in Anisocotylinae, in Monocotylidae; Tagliani, 1912, elevated 
(the invalid) subfam. Anisocotylinae Montic., to family status and created 
n. subfam. Anoplodiscinae for this genus; Johnst. and Tiegs, 1922, 123-124: 
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place gen. in Calceostomidae (sic), in an Appendix, near to Dionchinae; Fuhr- 
mann, 1928, places gen. in Pseudocotylinae; Johnston, 1930, 111: discussion 
on gen. and emend. defn.—points close’ similarity (except for haptoral 
armature and massed vitellaria) to Tetrancistrwm—moreover, that it is a very 
nearly related genus to Lintonia [==Udonella] which he places in the same 
subfam., Tetraonchinae; Gallien, 1937, 13: follows Fuhrmann in placing it in 
Pseudocotylinae—pointing out that Anoplodiscus and Lintonia both have 


Figures 35 a-d. 


wa-d : Anonchohaptor anomalum—a, Complete worm ; 6, Cirrus and accessory piece (stippled) ; 


c, Vagina and receptaculum seminis ; d, Marginal hooklet (after Mueller). 


only one testis, and that they are probably aberrant in having glandular 
pits in the anterior region, which, from the figs. resemble suckers; Price, 
1938 d, 187-188: places gen. in Microbothriidae, Microbothriinae, though he 
admits that if the haptor proves to be armed with marginal hooklets—taken 
together with the presence of eyes and an armed cirrus with accessory piece 
—it may find its place in Gyrodactyloidea, Calceostomatidae; Fischthal and 
Allison, 1941, 520-521: state that they have Price’s agreement to their 
placing it in Calceostomatidae, sensu emend., Fischt. and Allison. 

Generic diagnosis.—Calceostomatidae having a pair of pseudosuckers in 


_ the anterior region [glandular pits]. Haptor cup-like and unarmed. Eyes 


present. Intestinal crura without diverticula and united by a commissure 
behind the testis. Cirrus cuticularized, with an accessory piece. Vagina 
present, on the ventral side, near the right margin. 


Type species: Anoplodiscus richiardu Sonsino, 1890. 
_A, richiardi Sonsino, 1890. 


Sonsino, 1890 (Nov. 16), 172, on Pagrus orphus from the Mediterranean ; 
1891 (May 15), 147-148: brief redescr.—places sp. in Gyrodactylidae ; 
Monticelli, 1905, 65-68, figs. 1-3, on Pagrus orphus, from Mediter.; Johnston, 
1930, 111: ef. with A. australis ; [see gen. refs. for syst. reviews]. 
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A. australis Johnston, 1930, 108-112, figs. 1-3, on the fins of Sparus australis 
from Sydney Harbour, Australia. (Figs. 36 a—-c herein.) 


Figures 36 a-c. 


a-c: Anoplodiscus australis—a, Complete worm, dorsal view (compressed specimen) ; b, Reproductive 
organs, ventral view; c, The two ends of the cirrus and accessory piece, ventral view (after 
Johnston). 


Fridericianella Brandes, 1894. 

Brandes, 1894, 305-311 ; Johnst. and Tiegs, 1922, 122: placed in Calceo- 
stominae (sic); Price, 19376, 162: emend. diagnosis, quoted below ; 
Fischthal and Allison, 1941, 519-520. 

Generic diagnosis.—Calceostomatidac. Head lappets not as prominent as 
in Calceostoma. Haptor cup-like with one pair of hooks, small and centrally 
placed. Marginal hooklets (?) absent. Eyes absent. Intestinal crura with 
lateral diverticula and united by a commissure behind the testis. Testis 
single, rounded. Ovary tubular and median. Vagina present, opening 
laterally near the equator of the body. (Monotypic.) 

Type species: Fridericianella ovicola Brandes, 1894. 

F. ovicola Brandes, 1894, 303-310, pl. 19, figs. 1-4, on the eggs of Arius commersonit 
Lac., from Rio Grande do Sul, Brazil; Price, 19376, 162: syst.; 1938 6, 
408 :. repeated record only. 

Tricotyle Manter, 1938. 

Manter, 1938, 297: diagnosis and syst. discussion. “ Elongated, eyeless 
Monogenea, widest anterior to the mid-body. Anterior end with two lateral 
lobes and two sub-median suckers. Posterior haptor weak and slightly 
wider than hind end of body, with a terminal, ventral undivided sucker-like 
disc without radii, and two smaller dorsal saucer-shaped depressions. One 
pair of large hooks, and several minute marginal spines. Mouth ventral, 
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pharynx present. Pharynx with broad muscular bands. Caeca unbranched, 
ending blindly near posterior end. Ovary tubular and branched. Uterus 
straight. Vagina single, muscular and glandular. Vaginal pore ventral on 
the left of middle line. Vitellaria in the sides of the body. Testes 5, irregular 
in outline, tandem, in mid-body region. Vesicula seminalis tubular with two 
anterior loops. Cirrus chitinous and tubular.” 

Type species: Tricotyle scoliodoni Manter, 1938. 


Manter (loc. cit.) remarks that T'ricotyle resembles Dionchotrema, in that both genera have a vagina 
and the shell gland is similar, but the cirrus is different as well as the anterior suckers, and the 
present gen. lacks eye-spots. Characters excluding it from the Monocotylidae include the form of 
the anterior suckers, the number of testes and the shape of the ovary, though it has features 
reminiscent of Leptocotyle, Pseudocotyle and Anoplodiscus. It is suggested that it may have some . 
affinities with Lovmos, though this has no vagina, and only 2 testes and an unbranched ovary ; yet 
it agrees in having 2 somewhat connected anterior suckers and a similar posterior haptor with similar 
hooks. The closest genus to T'ricotyle, however, appears to be Calceostoma, which it resembles in 
the branched ovary, posterior haptor and its hooks and the male terminal genitalia ; but it differs 
in its anterior suckers, vagina, and number of testes: it is, accordingly, tentatively placed in the 
Calceostomidae (sic) by Manter. 


T. scoliodont Manter, 1938, 295-297, pl. 2, ion 1-4, on the gills of Scoliodon. 
terrae-novae (Richardson) from North Carolina, (Figs. 37 a-e herein.) 


Figures 37 a-e. 
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a-e: Tricotyle scoliodoni—a, Complete worm, dorsal view ; 6, Anterior end, ventral view ; ¢, Repro- 
ductive organs ee mnatio), ventral view; d, Anchors; e, One of the hooklets (afte: 
Manter). 
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CAPSALOIDEA Price, 1936. 

Price, 1936, 11: prelim. notice; 1938 a, 109: definition and key to families. 
adopted, with slight modification, below. 

Superfamily diagnosis.—Monopisthocotylea : anterior haptors present or absent ; 
when present in the form of a weakly developed oral sucker or pseudosucker, or 
of two laterally placed suckers or of corresponding glandular grooves; head 
organs sometimes present. Posterior haptor disc-like, usually relatively large and 
muscular ; ventral surface frequently divided by septa into sucker-like depressions, 
with or without anchors. Anchors, when present never have cuticular supporting 
bars. Intestine sac-like or bifurcate and crura frequently with median and 
lateral diverticula. Genital aperture median or lateral. Cirrus sometimes. 
cuticular, but without accessory structures. One or more testes. Vagina present 
or absent. Oviparous. 

Type family : CapsaLIpAE Baird, 1853. 


Key to the Families of Capsaloidea. 


1. Haptor usually without septa or anchors: Intestine single or bifurcate 2. 


Haptor usually with septa, anchors and hooklets: Intestine bifurcate .... 3. 
2. Haptor: a well-developed muscular sucker: Intestine a single sac: 
COMMON GENITAL POLE ccc ale Gees oC ele a wkowp etp seh oahs ow tate iyi eet eee UDONELLIDAE. 
Haptor : poorly developed musculature—bothria-like or loculate: Intestine 
bifurcate : male and female apertures close together and median ....... MICROBOTHRIIDAE, 


oo 


. Haptor with one pair of anchors (absent in Empruthotrema): male and 
female apertures close together and median (uterine pore marginal in 


ME OMGCORLEY oni bie wile SVs 0.00 W's0:6, 5 lap chra s! omeitb/erw, cae etal We aneareen a ar ne ee MoNOcOTYLIDAE. 
Haptor with 3 pairs of anchors (2 in Encotyllabe) : male and female aper- 
sures@lose togethewand lateral  .. 0... 5. dag s clon dao cede ale eel ome aisvenhe CAPSALIDAE. 


UDONELLIDAE Taschenberg, 1879. 


Tasch., 1879, 235, 236: Fuhrmann, 1928, 28: includes Udonella Johnst.,. 
Calinella Montic., Lowmos MacCallum, Echinella v. Ben. & Hesse, Pteronella 
v. Ben. & Hesse; Price, 1938d, 193-194: redefined, and includes only one 
genus—Udonella—ot which Price regards the following as synonyms: Lintonia 
Montic. and Calinella Montic.; Hchinella v. Ben. & H., and Pteronella v. Ben. 
& H. being added as genera incertae sedis. 

Family diagnosis.—Capsaloidea with elongated cylindrical body, cuticle with 
annulations in contracted specimens. Two glandular head organs or pseudo- 
suckers surrounded by blunt lobes on the anterior end of body ; pharynx protrusible.. 
Haptor terminal, well developed as a muscular, unarmed, cupola, without septa. 
Intestine sac-like, more or less constricted by the presence of gonads, and extending’ 
into the posterior third of the body. Ovary pretesticular and rounded, testis. 
single and unlobed—both gonads near mid-body. Common genital aperture 
lateral, cirrus poorly developed and (apparently) non-protrusible. Eggs relatively. 
large with a thick membrane which is extended into a long filament ending in an 
expansion by which it is attached to the host. Embryos hatch without cilia or 
larval hooks—they resemble the adult except for the proportionate size of their 
parts. 

Type genus: Udonella Johnst. 1835. 

Udonella Johnston, 1835. 


Johnst. (George), 1835, 497: monotypic, with U. caligorum ; Frey and. 


+ 
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Leuckart, 1847, 147: create new gen. (Amphibothrium, monotypic, with 
A. kroeyri); Braun, 1890, 518: quotes Frey and Leuckart’s def. of Amphi- 
bothrium “ Tristomatum generi valde affine corpore elongato caudale dis- 
tinguendum,” and shows that it is syn. with Udonella; Stiles and Hassall, 
1908, 381: give all refs. up to that date; Montic., 1910, 1-12; and idem 
in Guiart, 1938, 52-53, creates Calinella, n. g. (monotypic, with C. craneola) ; 
Fuhrmann, 1928, 11, 17, 20, as Udonella, 12, 15, 20, 26—as Calinella, 12, as 
Lintona, fig. 4: comp. anat.; Price, 1936, 11 (prelim. notice); 1938 d, 
194: holds that the characters separating Lintonia and Calinella “ are of no 
more than specific value” and they are made syns. of Udonella, diagnosis of 
gen. emend.; Brinkmann, 1940, 81: syst. (as Lintonia Montic., 1904—syn. 
Nitschia partim), in Monocotylidae. | Until further specimens are available 
of the forms studied by van Beneden and Hesse, 1863, and named Hchinella 
hirundinis and Pteronella molvae, it is proposed to regard these doubtful 
genera (and species) as syns. of Udonella, for reasons stated below. The full 
list of syns. is: Amphibothrium Frey & Leuck., 1847; Phylline of Kroyer, 
1837, partim. ; Podarcella Giard, 1889; Nitzschia of Linton, 1898; Lintonia 
Montic., 1904; Calinella Montic., 1910, and 1938; Hchinella v. Ben. & 
Hesse, 1863; Pteronella v. Ben. & Hesse, 1863. 
Generic diagnosis.—Udonellidae with the characters of the family. 
Type species: Udonella caligorum Johnston, 1835, 
U. caligorum Johnst., 1835. 

Johnst., 1835, 495-498, figs. 45 a-c, on Caligus sp. on Hippoglossus vulgaris 
from Britain; 1865, 34, 299-300, fig. 49; Kroyer, 1837, 621—and note— 
pl. 6, figs. 2, 2 n (as Phylline (?) caligz) also p. 290, pl. 3, figs. 8 a—f (unnamed). 

On p. 290 Kroyer describes Anchorella uncinata [Copepoda: Lernaeopodidae] and on pl. 3, 
fig. 8b, shows the genital segment of the copepod, and the two dependent egg-strings, to be 
infested with minute foreign bodies—these are figured in higher magnification in figs. 8 c-d; fig. 8¢ 
is what appears to be a single egg of Udonella; and fig. 8d shows a cluster of the same. The 
copepod was taken from Gadus callarias, 


Frey and Leuckart, 1847, 147, 148, pl. 2, fig. 2 (as ““Amphibothrium kroeyeri 
Leuck.”—as a new species and genus) on Caligus sp. on gills of Gadus sp. (Europe) ; 
Diesing, 1850, 427 : (as Udonella caligorum, syns. Hirudo Kroyer ; Amphibothrium 
kroyert Frey and Leuckart) ; 1859, 437, record: on “ Caligos hippoglossi vulgaris 
et gadi morrhuae—Belgia ” ; van Beneden, 1858, 12-18, 207-210, pl. 1, figs. 1-5: 
development and anatomy (throughout this work, and in his citation of synonyms, 
the specific name is mis-spelt—Udonella caligarum), on Caligus from Hippoglossus 
vulgaris, Gadus morrhua and Trigla gurnardus from the Belgian Coast. 

Since van Beneden’s account (1858 and its reprint, 1861) was the first in any detail, and the one 
to which all authors until very recently have referred, a literal translation of part of it is given here. 
It is of particular interest as it records observations on the different appearance of the anterior end 
in different degrees of expansion: facts which seem to have been ignored in the joint work with 
Hesse, in 1863. There are many instances of inaccurate observation in this latter work, and it is 
this circumstantial evidence which prompts the opinion that, not only are all the species of Udonella 


of v. Ben. & Hesse conspecific with U. caligorum, but also that Hchinella and Pieronella are con- 
_ generic with Udonella, and their species synonymous with its type. van Beneden (1858) describes 


the type species as from 5 to 6 mm. long and occurring on several species of Caligus, but mainly on 
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the egg-sacs of the female. They are commensal only. All sizes are found together on the same egg- 
sac. They are greyish in life and have the habits of a young leech ; the surface is covered with fine 
transverse striations. The pharyngeal bulb just behind the mouth is very voluminous and has very 
thick walls. The worm is able to evert all that portion of the mouth and pharynx anterior to the 
bulb, and when doing so presents a very different appearance: the bulb then becomes terminal and 
the extruded portion is bell-shaped and the (now) external walls are papillose—the papillae being 
arranged in circular rows. When the pharynx is retracted the bell is seen below the oral aperture 
and two lateral lips appear, and within the mouth two suckers. These latter may also be thrust 
forwards and appear like wings on the flattened anterior border. 


v. Ben. & Hesse, 1863, 92, pl. 8, figs. 11-14: (as U. lupi) on Caligus sp. from 
Labrax lupus—Belgian Coast; 93 (as U. merlucii) on Caligus sp. on Merluccius 
vulgaris from the Belgian Coast ; 90-91, pl. 8, figs. 1-8 (as U. pollachit) on Caligus 
sp. on Merlangus pollachius from the Belgian Coast; 92, pl. 8, figs. 15-16 (as. 
U. sciaenae) on the egg-sacs of Anchorella sp. on Sciaena aquila, from the Belgian 
Coast ; 92, pl. 8, figs. 9-10 (as U. triglae) on Caligus sp., on Trigla spp., from 
Belg. Coast; [these five species are so inadequately described and the drawings 
of them so vague, that it is impossible to distinguish them from the type species, 
and therefore they are to be regarded as unconditional synonyms]; v. Ben. & 
Hesse, 1863, 93-94, pl. 8, figs. 17-18 (as Hchinella hirundinis) on Caligus sp., on 
Trigla: hirundo from Belgian Coast: genus Hchinella erected on the basis of 
two chitinous hooks in the pharynx. 

This is a doubtful character, since teeth or spines are unknown in the pharynx of trematodes: the 
observer may have been misled by cuticularized inner wall of the pharynx seen in optical section, 
or, on the other hand, this may not have been a trematode but a semi-parasitic polychaete similar to 
Ichthyotonus and Histriobdella, which have two hook-like jaws and are considered as degenerate 
Eunicids. ‘ 

Owing to the inadequate description it is here regarded as gen. and sp. inquirendum 
and a possible syn. of U. caligorum; v. Ben. & Hesse, 1863, 94-95, pl. 8, figs. 
20-23 (as Pteronella molvae) on Caligus sp. on Lota molva from the Belgian Coast: 
gen. erected on the basis of the anterior end being provided with an aliform 
membrane and the pharynx armed with a number of stylets: [these characters 
are derivative from the description of v. Ben., 1858, and are in accordance with 
present observations (vde fig. 38a and 6)—for when the pharynx is protruded 
there is a thin hyaline membrane round its free edge, raised round the margin in 
a number of sharp papillae which are refractile, and an exaggerated conception of 
this may have led v. Ben. & Hesse to consider them as the ends of stylets— 
there is no reason to accept these characters as distinctive of a separate species 
or genus]; v. Ben., 1870, 11-43: description of the egg of U. caligorum and 
certain details of anatomy ; Taschenberg, 1879, 564-565 (as U. caligarum) ; Vogt, 
1878, 333-336, pl. 16, figs. 7-8 (as U. caligorum and U. lupi): morphology of the 
reproductive organs ; Hoyle, 1890, 539: on Caligus sp. on Hippoglossus vulgaris, 
from U.S.A. (as U. caligorum) ; Giard, 1889, 74 (as Podarcella cancerillae): name 
given to certain stalked bodies [later recognized as Udonella ova] on Cancerilla 
tubulata Dalyell—Hersilid copepod, parasitic on Amphipholis sp. at Wimereux— 
at the time he considered it as a protozoan; Braun, 1890, 418 (as U. caligarwm). 
reported on Caligus sp. from North Sea and Atlantic; Linton, 1898, 508-509, 
pl. 40, figs. 1-7 (as Nitzschia papillosa) on Gadus callarias from N. American 
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Atlantic ; St. Remy, 1892, 35-36, pl. 1, figs. 8-12, text-fig. 111 (as U. pollachii) : 
study of the reproductive organs, and criticism of the account by Vogt, 1879; 
Monticelli, 1889, 420: reports what he considers may be a n. sp. of Udonella on 
4 Caligus sp., on Platessa flessus from Wimereux, but he gave no description or 
sy figs. of his single specimen ; Stossich, 1898, 8: (as U. luwpi) on Caligus minutus, 
q on Labrax lupus from the Mediterranean; Scott, Th., 1901, 144, pl. 8; (as 
x Udonella caligorum) on Caligus curtus from N. Sea; Stafford, 1904 (May 3), 482 
(as U. caligorum) on Caligus sp. on Gadus callarias from Canada; Monticelli, 
1904 (Dec. 1), 117-124, pl. 7, figs. 1-7 (as Lintonia papillosa (Linton, 1898) n. g.) ; 
considers that Linton’s sp. is not congeneric with Nitzschia Baer), and creates a 
hew genus for it; Linton, 1910, 82, figs. 238-241 (as Udonella socialis) on 


Figures 38 a-e. 


a-e: Udonella caligorwm—a, Complete worm, pharynx protruded, ventral view; 6, Profile view 
of anterior end showing pharynx partially protruded, the head organ of one side, and the papil- 
laeform lobes on the head ; c, Anterior half of worm, ventral view, showing pharynx in normal 
position ; receptaculum seminis below ovary, leading to fertilization canal which receives the 
two vitelline ducts; d, Young worm, profile view, showing constricted sac-like intestine, also 
testis larger than ovary; e, Larval worm emerging from broken egg-capsule, ventral view. 
(c-e drawn to the same scale) (a-c: from Caligus labracis and C. centrodonti from the gills and 
skin of Labrus berggylta ; d-e: from Caligus rapax, caught free in the plankton) (original). 


* Argulus sp.” from the mouth of Neomaensis griseus, at Tortugas, Florida ; 
Monticelli, 1910, 1-9 (idem in Guiart, 1938, 52-53, one text-fig.) creates a new 
gen. for worms found on egg-sacs of Alebion carchariae, on Carcharias milberti Val., 

eaught 16 miles off Cap Vert: the figure given is highly diagrammatic and the 
a i indicates that Monticelli most probably had very young specimens of 
U. caligorum : this is supported by the large proportional size of the pharynx 
[vide fig. 38d geil: 
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The following is a literal translation of the greater part of Monticelli’s definition of Calinella craneola : 
Elongated fusiform body, like a minute leech, 0-5 mm. long. Sub-ventral mouth surrounded by 5 
lobes, of which the dorsal is unpaired and four lateral-ventral lobes forming a bell-shaped structure 
—the buccal capsule. The interior walls have two lateral suckers (elongated and oval) at the base 
of which open the glands on either side of the pharynx. The posterior sucker is cup-shaped and 
is the same diameter as the maximum width of the body. The mouth at the bottom of the buccal 
capsule leads to an enormous cylindrical pharynx occupying the anterior quarter of the body. This. 
leads to a sac-like intestine which extends to near the end of the body in a blind end. Towards the 
mid-body it is generally fenestrated and in this depression is the ovary and testis. The excretory 
canal and genital ducts open into the genital pore situated ventrally towards the anterior end of the 
intestine. The vitelline glands form a compact brown mass round the intestine. Eggs are elongated 
oval and have a polar prolongation with which they are attached to the host or round the worm’s 
own ventral sucker. It has been found on Alebion carchariae, on Carcharias milberti and Zygaena 
malleus. 


Johnston & Tiegs, 1922, 125: note that Lintonia Mont. is placed in Aniso- 
cotylinae (Mont., 1903, 336, and 1905, 68-70) ; footnote on p. 125 states that it 
cannot be placed in Nitzschia Baer, because the general form suggests Gyro- 
dactylidae ; Guberlet, 1936 a, 458-461, fig. 4: prelim. acct.; 19366, 958-961, 
figs. 10-12 (as Calinella myliobati, n. sp.): this is considered by Guberlet as 
undoubtedly congeneric with C. craneola Montic.—it was found on T'rebius 
caudatus parasitic on Myliobatus californicus from Monterey Bay, California ; 
Baylis and Jones, 1933, 629: report U. caligorum on free-swimming specimens 
of Caligus curtus from Plymouth; Price, 1936, 11: summary of taxonomic 
revision ; 1938 d, 194, 196-197, figs. 12-17 (as U. caligorum) : studies the cotypes 
of Nitzschia papillosa Linton, 1898, and of U. socialis Linton, 1910, and specimens. 
of Baylis and Jones’, from Caligus curtus from Plymouth, England, and compares. 
these, inter se, and with Calinella myliobati from Trebius latifurcatus [host name 
“ corrected ” by Price] on Myliobatis californicus : he finds no essential differences 
between these specimens, and regards them as U. caligorum Johnston, 1835 ; 
Linton, 1940, 5 (as Lintonia papillosa)—gives a short description and size-range 
of specimens on Gadus morrhua from Georges Bank, N. American Atlantic : 
Linton gives the size-limits of his specimens (1940) as 1-12 by 0-28 to 2-1 by 0-53mm. 
Brinkmann, 1940, 81 (as Lintonia papillosa): syst., places gen. in Monocotylidae 
Tasch. Udonellids assigned to U. caligorum Johnst. have been examined from 
Caligus centrodonti and C. labracis, both parasitic on Labrus berggylta, collected 
in June 1937, and Sept. 1938, from Roscoff, and from the same hosts, on | 
L. berggylta, on several occasions in 1939-1940 from Plymouth. They were very 
common at both places, and worms of all stages of development were found on 
each occasion. Material belonging to the same species was kindly given for 
examination by Mr. F. 8. Russell, F.R.S:, which he obtained attached to Caligus 
rapax found free-living in the plankton at Plymouth, and also worms attached 


to the same host, themselves attached to young Clupeoids (see Russell, 1933, 
551-553). (Figs. 38 a-e herein.) 


The figures illustrate the chief anatomical points, and particularly the very different appearances. 
of the anterior end according to the position of the pharynx : some worms were fixed in all positions, 
but they were observed for long periods prior to fixation and during times when they were apparently 
feeding on suspended detritus the pharynx was protruded : to be withdrawn into the position shown 
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in fig. 38 c, when the worm either began to wave its body round (exploratory movement), or when it 
attached its glandular pseudosuckers to another part of the host, and freed its haptor in a leech-like 
movement. Young worms, newly hatched, were found concealed under the carapace of the copepod, 
particularly at the base of the appendages, and near articular membranes in all parts of the body. 
Hatching of worms was seen on several occasions, when the young immediately sought the shelter 
of the carapace, though eggs were almost always attached to the genital segment of both sexes. They 
were never found on the egg-strings, which might indicate that the maturation period may be longer 
than that of the Caligus eggs (though other authors have reported them on egg-strings). The 
greatest egg- and worm-burden was found to be on young males (6 egg-laying worms of large size 
were once found on a very young male of C. labracis—each worm more than twice the length of the 
copepod, which was nevertheless attempting to swim). The swimming of infected mature copepods 
was little affected by the presence of one or two large worms on the urosome, though they caused a 
bias in the direction of movement when the copepods were placed in a dish of sea-water. Occasionally 
fully grown Udonella were found alone on the gill-tips of Labrus berggylta, feeding on the epithelial 
debris. An explanation of their normal habitat, on the hinder end of the caligid copepods, may 
be correlated with their detritus-feeding habit (direct observation mentioned above), and the feeding 
habit of the caligid. Caligids have been shown to feed on the mucus and gill, or skin-epithelium by 
scraping fragments up by the cephalothoracic appendages and “kicking” debris backwards— 
much as a puppy does when digging (see Russell, 1925, 611-618: on the feeding of Caligus pageti) : 
in this way, Udonella would be in the optimum position to receive this current of detritus shot back 
by the copepod. 

The figures show that the parts of the body do not grow at the same rate, so that the proportions 
of the young worms are very different from those ofthe adult. Most interesting of all is the differential 
growth of the gonads (also demonstrated in Kuhnia scombri—Sproston, 1945), and as in Kuhnia, 
the testis is the first to develop, even in the recently hatched worms it is larger than the ovary, 
and ova are not seen clearly differentiated and surrounded by the zona pellucida until the testis 
has begun to shrink and to appear more or less vacuolated. After this stage, when the worms are 
about three-parts grown, the ovary outgrows the maximum size of the testis and the ova are clearly 
visible, each surrounded by a clear zone and well separated from their neighbours: one egg at a 
time is found in the ootype or uterus. In the largest worms the ovary was smaller, and a space 
between it and the vitellaria could be seen, just as the shrinking testis left a space around itself at 
the end of the male phase. It is not known if there is a recrudescence in either the ovary or testis. 
Two worms immediately on hatching measured 0-29 and 0-375 mm. respectively ; and one very 
soon after hatching, 0-555 mm. long. Worms with a fully developed testis, but immature ovary, 
measured 1-30 and 1-33 mm. respectively in two mounted specimens : and two in a transitory phase 
from male, to developing female, phase measured 1-55 and 1-60 mm. The following are lengths of 
eight more or less fully developed female phases of Udonella—most of these had an egg in the uterus :— 
1-54, 1-75, 1-75, 1-80, 1-88, 1-92, 2-05, 2-05 mm. Owing to the close packing of the vitellaria in adult 
worms, the intestine could only be seen in the young (figs. 38d and e) and excretory vesicles in 
those just hatched (fig. 38 e). Although caligids were found (at Roscoff and at Plymouth) on over 
60 occasions (other than on Labrus berggylta) on some 20 different hosts, no Udonella was ever found 
by the present author except on the wrasse named. 

Udonella is a highly specialized monogenean not adapted as a parasite on the soft tissues of 
vertebrate hosts, since it has lost the hooks on the haptor and yet is not flattened—as are the hookless 
Microbothridae. Its sub-cylindrical body and smooth haptor surface are well adapted to adhering 
to the hard sclerites of copepoda, and to sheltering among the appendages in early life: half a dozen 
or more young have been counted under the carapace-rim of a late chalimus stage of a male 
C. centrodonti. Udonellidae has some affinities with Calceostomatidae, between which and the 
Microbothriidae and Monocotylidae, they may be regarded as transitory, though on a divergent line 
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MICROBOTHRIIDAE Price, 1936. 

Price, 1936, 11: prelim. acct.; 1938d, 183: defn. and key to subfams.— 
syns.: Dermophagidae MacCallum, 1926—type gen. preoccupied ; Labontidae 
MacCallum, 1927—type gen. syn. of Microbothrium Olss.; Monocotylidae 
auct., partim; Philuridae MacCallum (1926 c, 386)—type gen. syn. of Mucro- 
bothrium Olss.; Anisocotylidae Tagliani, 1912, partim (309—sensu Anisocotylinae 
Mont.). Diagnosis emend. to include Enoplocotylinae Tagliani, 1912. 

Family diagnosis.—Capsaloidea with a thin, flattened body and very small 
haptor ; anterior pseudo-suckers poorly developed: attachment mainly effected 
by the whole body surface. Haptor a weakly developed muscular cup (sometimes 
with incipient cuticular thickenings, and in Enoplocotylinae, loculi develop round 
the larval hooklets). Eyes absent. Intestine bifurcate. Genital openings usually 
near together in the middle line (in Enoplocotylinae the uterine pore is marginal 
as in Monocotyle). Cirrus cuticularized, or muscular with a cuticularized copu- 
latory duct. Vagina present, single or double. 

Type genus: Microbothrium Olsson, 1869. 


Key to the Subfamilies of Microbothriidae. 


1. Haptor with 14 radial loculi containing hooklets ..................-- ENOPLOCOTYLINAE. 
Haptor cup- or bell-shaped, without loculi ............-2eeeeeeeeee 2. 

2 ON Or CWO EEOSEOS Fas oa ww die a eres wPormpa. hese wile ps wine eee MICROBOTHRIINAE. 

Numerous testes 0 ovis 5,5 9c 5 fon biscinilo. cde 6/sveceia: disse aye cual eete ree ae PSEUDOCOTYLINAE. 


MICROBOTHRIINAE. 

Price, 1938 d, 183: defn. and key to genera—Syns.: Dermophaginae Mac- 
Callum, 1926; Labontinae MacCallum, 1927; Paracotylinae Southwell & 
Kirschner, 1937; Philurinae MacCallum (1926c—type gen. syn. of Mucro- 
bothrium Olss.); Pseudocotylinae Mont., of Tagliani (1912, 309—partim: incl. 


Pseudocotyle, Microbothriuum and Leptocotyle). The arrangement of Price is 
adopted herein. 


Subfamily diagnosis:—Microbothriidae with anterior adhesive organ in the 
form of an oral sucker or adoral pseudosuckers. Eyes absent. One or two 
testes. Vagina usually single (double in Leptobothrium). 

Type genus: Microbothrium Olsson, 1869. 


Key to the Genera of Microbothriinae. 


1 TWO GOSbOB (555/69 55 esate Seale aie/a'e a tis he « & 00070 ar gener en a Dermophthirius. 
One testis:(follicular or compact) .:.). sian sc dones ee eee een 2 


2. Intestinal crura without diverticula 


fd dis © nce 3 Sieg Neon ea Leptocotyle. 
Intestinal crox‘a with diverticula.) 5...'.. Vs. sp css ie cee ee 3. 
3. Vagina single... i i.e sicine ds w och oia'e «5 Ria nena ne ae le en nnees POPODINGI ema 
Vagina, doubles. o.:c's civic. on S04 bk wee Viele ule wvale unit an Leptobothrium. 


Microbothrium Olsson, 1869. 


Olsson, 1869, 481-515; Fuhrmann, 1928, 6, 15: comp. anat.; Gallien, 
1937, 13; Price, 1938d, 183-184: redefined—Syns.: Dermophagus MacCallum, 
1926—non Dejean, 1833 (preoccupied) ; Labontes MacCallum, 1927; Philura 
MacCallum, 1926; also Pseudocotyle of v. Ben. & Hesse, 1865, partim ; Brink- 
mann, 1940, 26-33: redefined, with key, to include Leptocotyle Montic. 

Generic diagnosis.—Microbothriinae with the anterior adhesive organs in the 
form of two bothria-like structures opening into the oral cavity. Haptor 
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small; either a heavily cuticularized groove or a weakly muscular cup-shaped 
organ, sessile on the ventral side of the posterior end of body. Intestinal 
crura with lateral dendritic diverticula. Genital apertures very close together 
near the median line. Cirrus muscular with a heavily cuticularized ejaculatory 
- duct. Testis single, usually composed of a number of closely packed follicles, 
_ situated at mid-body level. Vagina single, opening slightly to the right or 
; left of the genital pores. 
¥ Type species: Microbothrium apiculatum Olsson, 1869. 
M. apiculatum Olsson, 1869. 
: Olss., 1869, 481-515, fig. 13: on Acanthias vulgaris from Skagerrak ; 
a Taschenberg, 1879, 25: considered this to be Pseudocotyle v. Ben. & Hesse, 
1865, and that Olss. erected the present gen. in ignorance of the work of 
v. Ben. & Hesse; he accordingly suppressed Microbothriwm in favour of 
Pseudocotyle ; later authors, Monticelli (1888), Braun (1900), etc., followed 
Tasch. in using the syn. Pseudocotyle a.; St. Remy, 1891, 213-223, figs. ; 
1892, 28-35, pl. 2, figs. 10-17, text-fig. 11: re-examined the species from 
N. France, where he found it commonly on the dorsal surface of the head of 


Figure 39 a—b. 


a-b: Microbothrium centrophori—a, Complete worm, ventral view ; 
b, Ventral view of genital (after Brinkmann). 


Acanthias vulgaris: (1891) syst. revis. shows the distinction from Pseudo- 
cotyle v. Ben. & Hesse, and that Muicrocotyle apiculatum represents a distinct 
subfamily of Monocotylidae, though he does not name this subfam. ; 
(1892) gives a detailed description of the genital organs ; Stafford, 1904 (as 
Pseudocotyle a.) record on Squalus acanthias from the Biological Stn., Canada ; 
Monticelli, 1904, footnote : divides the gen. Pseudocotyle into 3 subgenera : 
Pseudocotyle s. stricto, Leptocotyle Montic., 1904—for L. minor (Montic.), and 
Microbothrium Olss.—for M. apiculatum Olss.: (designated as Pseudocotyle 
__ (Microbothrium) a.); MacCallum, 1926 a, 162-171, figs.: descr. as Philura 
rata, n. g., n. sp., from the skin of “ Carcharhinus commersonii” from Woods 
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Hole, Mass., U.S.A.; MacCallum, 1926 a, 171 and 1926 6, 330-332, fig. 1: 
descr. what, to him, appeared as a similar form, from Squalus acanthias from 
Woods Hole, as Dermophagus squali, n. g.,n. sp., Dermophaginae, n. s. f.; Dermo- 
phagidae, n. fam.; Sprehn, 1933, 23; Gallien, 1937, 14: syst. (as Micro- 
bothrium a.); Price, 1938 d, 184-185, figs. 1-2 (as Microbothrvwm a.) : re-exam. 
of the co-types of MacCallum (1926 a, and 1926 b), accepts tax. revis. of Gallien 
and relegates MacCallum’s species to synonymity : in N. Amercia (Atl. Coast) 
on Squalus acanthias Linn. and Carcharias commersonit (Blainv.); Baylis, 
1939, 479: record from Squalus acanthias from the Orkneys; Brinkmann, 
1940, 19, 20, 25-26, 29, 30, 31, 32, 33, 75, 76, 81, 102, 103, pl. 8, figs. 23, 25, 
26 (as Microbothrium a.) of. with M. centrophori—in Pseudocotylinae Fuhrm., 
Monocotylidae Tasch. 

fragile Olss., 1869, 4-5: an inadequate descr. of a form ectoparasitic on 
dorsal surface of Raja batis; Tasch., 1879, 25 (as Pseudocotyle f.); Price, 
1938 d, 184: ‘‘ This form is now generally believed to be a parasitic turbel- 
larian, possibly identical with Micropharynx parasitica Jagerskidld (1896— 
found on R. batis and R. clavata); Brinkmann, 1940, 26: makes the same 
suggestion (in ignorance of Price, 1938), though owing to the inadequate 
descr. of the sp. by Olss. identification is uncertain: here regarded as a 
nomen nudum. | 


M. centrophori Brinkmann, 1940, 19-25, 29, 30, 31, 32, 76, 81, 98, 99, 100-101, 


102, 103, pl. 5, fig. 18, pl. 6, fig. 19, pl. 7, figs. 20-22, pl. 8, figs. 23, 24, 27, 
28: on the caudal fin of Centrophorus squamosus Gul. from the N. Sea, off 
Bergen, Norway. (Figs. 39 a—b herein.) 


Dermophthirius MacCallum, 1926. 


MacCallum, 1926 a, 166-167; Price, 1938 d, 186: redefined and diagnosis 


adopted below. 


Generic diagnosis.—Microbothriinae in which the adhesive organs of the 
anterior end are in the form of two bothria opening into the oral cavity. 
Haptor with feebly developed musculature : in the form of a relatively small 
bell containing two ill-differentiated cuticular thickenings resembling a 
clam-shell, but without hooks. Intestinal crura with wide, copiously branched 
diverticula, chiefly on their outer sides, but some short branches extending 
medially. Cirrus muscular, armed with a close group of two overlapping 
rows of stave-like spines in the thicker ventral wall and a single row of short 
simple spines in the thinner dorsal wall. Genital aperture slightly to the 
left of the median line. Two testes, symmetrically placed at the same level. 
Gonads in the posterior half of the body. Vagina single. 


Type species: Dermophthirius carcharini MacCallum, 1926. 
D. carcharini MacCallum, 1926 a, 166-171, figs. 2-3, in the olfactory organs and 


on the skin of the back of Carcharias commersoni (Blainville), from Woods 
Hole, Mass., U.S.A.; Price, 1938 d, 186-187, figs. 3-5: redescribed from 
cotype material. (Figs. 40 a-c herein.) 


Leptobothrium Gallien, 1937. ; 


Gallien, 1937 a, 10-14 as Pseudobothrium; 19376, 383: rectifies name— 
preoccupied as Pseudobothrium Guiart, 1935, for a genus of cestodes (Triaeno- 
phoridae)—renamed as Leptobothriwm: in Pseudocotylinae, Monocotylidae ; 
Price, 1938d, 185-186. redefinition, and syst. rearrangement 3—adopted 
herein, 
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Generic diagnosis.—Microbothriinae in which the subterminal oral aperture 
is surrounded by a pseudosucker. Haptor small, a poorly developed cup-like 
sucker, apparently without cuticular thickenings. Intestinal crura with 
lateral, non-dentritic diverticula, not uniting posteriorly. Vagina present. 
bifurcating to form two branches, both opening into the genital atrium. 
Other characters similar to those of Microbothrium. 


Figures 40 u—c. 


a-c: Dermophthirius carcharini—a, Complete worm, ventral view ; 
b, Cirrus spines; c, Egg (after Price). 
Type species: Leptobothrium pristiuri (Gallien) Gallien, 1937. 
L. pristiuri (Gallien, 1937) Gallien, 1937. 

Gallien, 1937 a, 10-14, text-fig. 1, pl. 1, fig. 3 (as Pseudobothriwm p.) on 
the skin of Pristiwrus melanostomus Raf. from the open sea West of South of 
Ireland ; Gallien, 1937 6, 383: as Leptobothrium p., renamed; Price, 1938 d, 
186: syst. (Fig. 41 herein.) 


Figure 41. 


Leptobothrium pristiuri—Complete worm, ventral view (after Gallien). 


Leptocotyle Monticelli, 1904, emend. Gallien, 1937. 

_--—~—s- Monticelli, 1904, 70: as a subgenus of Pseudocotyle v. Ben. & Hesse, 1865 ; 
oat Scott, A., 1906, 48 (as Hpibdella); Johnstone, 1911, 34-35 (as Paracotyle. 
_. VOL. XXvV.—ParT Iv. No. 12.—1946. 20 
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n. g.—type) syn. of present genotype; Tagliani, 1912, 309: elevates Monti- 
celli’s subgenus to generic rank, but does not include the original genotype 
though he recognizes the identity of Leptocotyle and Paracotyle; Sprehn, 
1933, 9: Leptocotyle and Paracotyle as separate genera; Baylis and Jones, 
1933, 628, 629 (as Microbothrium); Jones, 1933, 329 (as Microbothrium) ; 
Gallien, 1937 a, 13-14: examination of status of type species of Monticelli’s 
subgenera of the gen. Pseudocotyle v. Ben. & Hesse, and raises the subgen. 
Leptocotyle Montic. to the rank of genus: monotypic, with L. minor: syns.: 
Pseudocotyle of Montic., 1888, 1904, Paracotyle Johnst., 1911, and Micro- 
bothrium of Baylis and Jones, 1933; Price, 1936, 11 (as Leptocotyle); Guiart, 
1938, 4 (as Paracotyle); Price, 1938 d, 186 (as Leptocotyle): accepts 
the tax. revisn. of Gallien, 1937 ; Brinkmann, 1940, 25-33 (as Microbothrium) : 
considers that the lack of diverticula on the intestine, and other characters 
to be of only specific significance ; key to the 3 spp. of the gen. 

Generic diagnosis.—Microbothriinae with anterior adhesive organs in the form 
of a weakly developed oral sucker. Intestinal crura without, diverticula and 
not confluent posteriorly. Other characters similar to those of Microbothrium. 


Type species: Leptocotyle minor (Monticelli, 1888) Gallien, 1937. 
L. minor (Montic., 1888) Gallien, 1937. 


Monticelli, 1888, 16, 51, 62, 66 (as Pseudocotyle m.) on the skin of Scylloum 
canicula from Naples ; Montic., 1890, 191, fig. 4: first description of P. minor ; 


Figure 42. 


———— 
O-5 mum, 


Leptocotyle minor—Complete worm, ventral view (original). 


Montic., 1904, 70, footnote: creation of subgen. Leptocotyle, within Pseudo- 
cotyle to accommodate P. minor; Scott, A., 1906, 48, pl. 7, fig. 1 (as 
Epibdella sp.) from the skin of head of 8. canicula from the Trish Sea, off the 
Calf of Man; Johnstone, 1911, 16-35, text-figs. 1-4, pl. 1, pl. 2, figs. 1-7 
{as Paracotyle caniculae)—thus creating a new gen. in ignorance of the work of 
Monticelli—on the skin of S. canicula from the Irish Sea ; Baylis and Jones, 
1933, 628, 629 (as Microbothrium caniculae) on S. canicula from Plymouth; 
Jones, 1933, 329-332, figs. 1-3 (as Microbothrium c.) “on the dorsal surface, 
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and particularly on the dorsal fins of S. canicula at Plymouth”: redescription 
and syst. revisn. (in ignorance of Mont. 1888—discovery of the sp. Pseudo- 
cotyle minor—and of Mont. 1904—the creation of the subgen. Leptocotyle) ; 
Gallien, 1937, 14: taxonomic history and establishment of gen. (as Lepto- 
cotyle minor); Guiart, 1938,4: syst. (as Paracotyle caniculae) ; Price, 1938 d, 
186; syst. (as Leptocotyle m.); Baylis, 1939, 478 (as Leptocotyle m.): record 
from South Devon on 8S. canicula; Brinkmann, 1940, 19, 26, 27, 28, 29, 30, 
31, 32, 33, 81 (as Microbothrium c.) syst. L. minor appears to be a common 
parasite of Scyliorhinus caniculus [=Scylliwm canicula auct.] in the English 
Channel. (Fig. 42 herein.) 


At Roscoff, in June 1937, one on each of four out of five fish—found on the skin between the eye 
and spiracle ; and in September-October 1938 one was found on each of three fish out of 33 examined— 
but of these one was on the gills (and this fish had a leech on the head) and one on the base of the 
claspers, within the cloaca, of a male fish. No very young specimens were found either at Roscoff 
or at Plymouth (1939-40), and the size range was within that recorded by Johnstone and by Jones. 

A few points of detail may be added to the description of Jones : (see fig. 42) in all of the numerous 
specimens examined the intestine has the same shaped curves, the curvature of the pre-testicular 

_ portion varies a little—cf. Jones’s fig. 1—according to the contraction of this region. The longi- 
tudinal collecting ducts from the vitellaria follow, very closely, the outer edge of the intestinal crura. 
The vitelline follicles themselves are among the largest encountered in any monogenean. The 
shell-gland in the present specimens is larger than that shown by Jones and is bent on itself to the 
left of the median line: it passes horizontally and forwards into a fusiform ootype, which in a few 
specimens contained a more elongated egg than that shown by Jones (his fig. 3). The transverse 
vitelline duct is ventral to the crura and receives, near its junction with the shell-gland, the short 
proximal duct of the vagina. Distally this passes into a rounded receptaculum seminis vaginae 
opening immediately into the posterior end of the club-shaped organ described by Jones and 
Johnstone as a vestig:al vagina (since they could not trace its connection with the rest of the repro- 
ductive system). In all specimens (whole mounts only examined as yet) this club-shaped structure 
appeared to be on the right side (Jones shows it on the left), and has what seems to be a cuticularized 
oval aperture at its posterior end opening to the ventral surface (= vaginal pore). The anterior 
region is apparently a ligamentous continuation of the fibrous tissue of the wall of the vagina proper, 
and it appeared to end blindly in front: being attached to the anterior end of the highly muscular 
cirrus bulb and acting as the muscular suspension of the vagina. This arrangement is very different 
from that described recently by Brinkmann (1940, 22, fig. 19) for Microbothriwm centrophori. 

Another structure not mentioned by Jones is the ovoid vesicula seminalis. In the specimens 
examined here the vas deferens has a more tortuous course than that shown previously. It passes 
from the right margin of the testis, and it crosses the middle line dorsal to the ovary, enlarging to 
an obliquely placed vesicula seminalis, dorsal, and just anterior to the shell-gland on the left of the 
mid-line. The vas deferens passes ventrally to the large cirrus-bulb, entering it at the anterior end, 
and here becoming narrower and coiling within the bulb, where it receives a duct from the elongated 
ribbed prostate gland, before passing forward to the common genital pore in the ductus ejaculatorius. 
On account of these marked characters in the internal organs contrasting with those of Microbothrium 

¢ Olss., it is considered amply justifiable to separate the genus Leptocotyle. 


PSEUDOCOTYLINAE Monticelli, 1903. 


Montic., 1903, 336; 1905, 69, 78: as a subfam. of Monocotylidae ; Johnst. 
& Tiegs, 1922, 118: include Microbothrium Olss. and Pseudocotyle v. Ben. & 
Hesse ; Price, 1938 d, 188: redefined. 

Subfamily diagnosis : Microbothriidae in which there are no anterior adhesive 
organs. Haptor weakly muscular and cup-shaped, with some ill-defined cuticular 
thickening at its base—similar to the haptor in Leptocotyle. Eyes absent. 

whe 202 
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Intestinal crura with narrow lateral dendritic diverticula, and confluent 
posteriorly. Genital apertures close together, median. Testes numerous. Vagina 
double, not opening into the genital atrium. ) 

Type genus: Pseudocotyle v. Ben. & Hesse, 1865 (monotypic). 

Pseudocotyle van Beneden & Hesse, 1865. 

v. Ben. & Hesse, 1865, 11-18; Johnston & Tiegs, 1922, 118: include 
Microbothrium Olss. as a syn., on the evidence of Monticelli; Fuhrmann, 
1928, 6, 22: comp. anat.; Sprehn, 1933, 9; Gallien, 1937 a, 13; Guiart, 
1938, 4-5: whose subfam. contains Paracotyle Johnstone, Muicrobothrium 
Olss., in addition to Pseudocotyle ; Price, 1938 d, 188: syst. 

Generic diagnosis.—Pseudocotylinae, with the characters of the subfamily. 

Type species: Pseudocotyle squatinae v. Ben. & Hesse, 1865. 

P. squatinae v. Ben. & Hesse, 1865, 11-18, pl. 2, figs. 1-7, on Squatina angelus 
from Ostende ; Taschenberg, 1879, 48-55, 57, pl. 3, fig. 2, pl. 4, fig. 2, on 
Squatina angelus from the Mediterranean; St. Remy, 1892, 21-28, pl. 2, 
figs. 5-9, text-fig. I.: on S. angelus [=S. squatina (L.)] from Roscoff ; acct. 
of reproductive syst.; Vlassenko, 1928, 240: comp. anat., cf. with [Aviella] 


Figure 43 a. 


Pseudocotyle squatinae—Complete worm, ventral view (original). 


baikalensis ; Little, 1929, 22-30: record on the skin of Rhina squatina from 
the W. of Ireland; Plymouth Marine Fauna, 1931, 100 (record from 
Plymouth); Sprehn, 1933, 23; Guiart, 1938, 4-5, syst.; Brinkmann, 1940, 27, 
28: cf. with Microbothrium; p. 81: in Monocotylidae. A re-examination of 
further specimens (Fig. 43 a herein) has yielded no new information to the 
detailed description by St. Remy—on the skin of Squatina squatina: at 
Roscoff (Oct. 1938), 12 worms from the underside of a large male fish; at 
Plymouth (Nov. 1939), 2 worms on the underside of pelvic fins of a medium 


sized female fish, and a fish from Carnarvon Bay (N. Wales) yielded one 
specimen (May, 1942). 
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P. lepidorhini Guiart, 1938. 
Guiart, 1938, 5, pl. 1, figs. 1-2, on Lepidorhinus squamosus from the 
Atlantic, off Cap Finistére (16 worms from the skin of one fish): differs 
from P. squatinae in having 25 testes but no oesophagus. 


ENOPLOCOTYLINAE Tagliani, 1912. 

Tagliani, 1912, 307, 309: subfam. created for Hnoplocotyle Tag., Dionchus Goto 
and Lophocotyle Braun ; (in Aniscotylidae Tagliani) considered as being related 
owing to their having anterior glandular organs, and no true anterior suckers, 
and a haptor divided into loculi; [Dionchus with its scattered head organs and 
haptor of different type, bearing anchors, is clearly more closely related to the 
monocotylids, and Lophocotyle differs fundamentally from all Capsaloidea in having 
a functional haptor developed as a distinct organ anterior to the larval haptor 
bearing the hooklets—the latter is a near relative of Acanthocotyle]; Price, 1938 d, 
193: considers this subfam. to be included in Acanthocotylidae on the basis 
of the structure of the larval haptor—bearing 16 similar (larval) hooklets, 14 
radially and 2 centrally; though retaining the subfamily distinction of the 
“‘pseudohaptor”’ being present anterior to it in Acanthocotylinae and this structure 
being absent in Enoplocotylinae—he includes only the type genus and gives a 
redefinition ; Brinkmann, 1940, 84, lists subfam. in Monocotylidae [in ignorance 
of Price, 1938]. 


In the present work the subfamily is retained, but placed in relation to Microbothriidae, on account 
of the form of the body and disposition of all the essential organs, in which it resembles Leptocotyle 
in the intestine and very large vitelline follicles, the single compact testis and body-form. It differs 
in the genital complex from most forms, and certainly from Acanthocotyle, though it has some 
similarity in this respect to Monocotyle, with the large oblique uterus opening on the left margin ; 
the haptor is unique and agrees with Monocotylinae in being relatively very small in relation to the 
rest of the leaf-like body: in some of the latter there are uncertain cuticular developments, but 
in none have the larval hooks been seen. They are retained in Hnoplocotyle, in the same arrangement 
and number as they are in the larval haptor of Acanthocotylidae. There is a similar arrangement 
of the larval hooklets on the haptoral disc of Anonchohaptor (Calceostomatidae), though here there 
are only 14 instead of 16 as in Hnoplocotyle. The arrangement in Dionchus is essentially very different : 
the 14 marginal hooklets are projecting from the margins of loculi and the central pair are not larval 
hooklets, but well-developed anchors. The anterior suckers in the present species, mentioned by 
Price in the subfamily diagnosis, are apparently not suckers at all, but gland organs receiving the 
secretions of the numerous pyriform unicellular glands in the anterior region of the body—more like 
those of Anoplodiscus (Calceostomatidae) than those of Acanthocotyle, which are petalose ‘and pro- 
trusible. The present subfamily is therefore considered to be transitory betweeu Microbothriinae and 
Monocotylinae on the one hand, and on the other as possibly having relationships with the ancestor 
of Calceostomatidae and Acanthocotylidae—the former on account of the anterior adhesive organs 
and the latter on account of the number and arrangement of the larval hooks on the small haptor. 


Subfamily diagnosis.—Microbothriidae in which the haptor is saucer-shaped 
and retains 14 larval hooklets in radial loculi and 2 in a central loculus, all of 
similar form; anchors are absent as in other subfamilies. Anterior adhesive 
organs in the form of two pit-like head organs receiving the ducts of unicellular 
glands in the anterior region of the body. Mouth ventral at the bottom of a pit 
as in Leptobothrium and others. ‘Testis single; cirrus cuticularized and opening, 
with the vagina, on the left side of the pharynx. Uterus large and oblique, 
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opening on the left margin. Egg with a bicornuate pedicel ending in a subtriangular 
expansion—trelatively large. Intestine without diverticula and partly covered by 
very large vitelline follicles. 

Type genus (monotypic): Hnoplocotyle Tagliani, 1909. 
Enoplocotyle Tagliani, 1909. 

Tagliani (in Lo Bianco, 1909), 567, 730: prelim. note; Tagliani, 1912, 303, _ 
305-307, 309; Fuhrmann, 1928, 28—in Monocotylidae ; Price, 1938 d, 193. 
syst.; Brinkmann, 1940, 84 syst. 

Generic diagnosis.—Enoplocotylinae with the characters of the subfamily. 

Type species: Enoplocotyle minima Tagliani, 1909. 


Figures 43 b-c. 


b-c: Enoplocotyle minima—b, Complete worm, ventral view; c, Larval hooklet 


from haptor (after Tagliani). 
EL. minima Tagliani, 1909. 


Tagliani (in Lo Bianco, 1909), 567, 730: prelim. note—on the skin of 
Muraena helena L., from Naples; Tagliani, 1912, 281-329, pl. 13, figs. 1-11: 
detailed redescription and syst., on the same host, causing severe lesions on 
the skin. (Figs. 43 b-c herein.) 


MONOCOTYLIDAE Taschenberg, 1879. 


Taschenberg, 1879 g, 235, 236, 238; 1879c, 68; Johnst. & Tiegs, 1922, 115: 
include the following genera—Monocotyle Tasch., Trionchus MacCallum, (?) 
Leptocotyle Montic., Calicotyle Dies., Microbothrium Olss., and Pseudocotyle v. Ben. 
& Hesse; Fuhrmann, 1928, 9, 13, 19, 28: incl. Pseudocotylinae, s. lat. and 
Monocotylinae, s. dat.; Price, 1938 a, 110: diag. emend. and key (adopted below) ;. 
Brinkmann, 1940, 72-84: syst.review of fam. in which he includes Microbothriidae 
(sensu Price), Udonellidae (sensu stricto), Calceostomatidae (pro parte), Acan- 
thocotylidae Price, as well as Monocotylidae, s. s. 
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Family diagnosis. —Capsaloidea in which the anterior adhesive organs, if present, 
are in the form of an oral sucker, or several pre-oral suckers or ‘“‘ head organs,” 
and cephalic glands are present. Haptor disc-like with the ventral surface 

_ usually divided by septa into depressed sucker-like areas ; armed with one pair 
of anchors (absent in Hmpruthotrema) and usually 14 marginal hooklets. Bifurcate 
intestine without lateral diverticula along the crura—which may be united 
posteriorly. Eyes present or absent. Genital apertures usually near together 
in the median region. Cirrus heavily cuticularized, except in Dionchus. . Usually 
one testis, rarely 3 or more. Ovary curved, frequently embracing the right 
intestinal limb. Vagina single or paired. 

Type genus: Monocotyle Taschenberg, 1878. 


Key to the Subfamilies of MONOCOTYLIDAE (from Price). 


1. Haptor without septa .......... RC OEY POR RE a AN LOIMOINAE. 

Ce Et) BETES Se, ee ag a ef Go 2. 

OR Se INCE teE Coe hale Wi ead wiais lea tile « wieiaidn « Vitigele wg bee's es DIONCHINAE. 
ee NRCC GME ett eer ithe Sal eV a's, byes Close Walk MU e aes eee wes 3. 

BE MEE GER rite cea lase ois (as eas tps! Swtainie Moin tn wots hg ane 6 0)6 6 Monocory ink. 
VERIO OCIS TT CIR 0 ICONS, a yO a Loe eer 4. 
SPM Te GIDC CMECKCEE Joo oh, wc 'v.nie alec pd ess © vd onynts o3'e«' ... CALICOTYLINAE. 
RE ROIESOTAN BUOIER. o.. 20c via w 4's s/s his wks Sevens eile eee MERIZOCOTYLINAE. 


MoNOCOTYLINAE Gamble, 1896. 


Goto, 1894 (as Monocotylidae), comp. anat., 6, 8,9, 10, 13, 14, 16, 29-32, 38-39, 
43, 44, 50, 51, 52, 57, 60, 62, 64, 67-68, 70, 75, 80, 84, 90, 91, 94-95, 99, 100, 109, 
110-111, 112-115, 118, 119, 121, 122) 125,51 27,7130, 140, 151, 152, 161, 162, 171, 
177, 178, 180, syst. 229-232, 258. Gamble, 1896, 73; Johnston & Tiegs, 1922, 
115: include Monocotyle Tasch. and Trionchus MacCallum ; Fuhrmann, 1928, 28, 
incl. Monocotyle, Calicotyle, Merizocotyle, Empruthotrema, Lophocotyle, Hnoplo- 
cotyle, Dionchus, Trionchus, Dionchotrema, and Acanthocotyle. 

Subfamily diagnosis——Monocotylidae in which the anterior adhesive apparatus 
is in the form of a weakly developed oral sucker. Haptor septate, usually with 
more than 7 radial septa, and with one pair of anchors. Eyes present or absent. 
Vagina probably always present, single. 7 

Type genus: Monocotyle Taschenberg, 1878. 


Key to the Genera o0f MONOCOTYLINAE (from Price). 


sd De RE RU TRIAL COGN 5 acs sai, ssw cpa Figs cuaiee wlerwids wea elle diese ee eenaes Dasybatotrema. 
Haptor with 8 radial septa....... URN eS Coot SC Oe 6 enna 2. 
Oe sais) oS sisinys's's » Giclee indy HN ele alse vies ss qa seen ds Tritestis. 


a ihc ata dian RE Pla nae os wes ig eles ee ee eee 3. 
3. Oral aperture surrounded by a somewhat membranous Be shicko: . Monocotyle. 
Oral aperture surrounded by a poorly developed sucker ...... aah 9 « « Heterocotyle. 


_ Monocotyle Taschenberg, 1878. 
Tasch., 1878, 573, 574: monotypic, with M. myliobatis; Johnst. & Tiegs, 
1922, 115; Fuhrmann, 1928, 7, 8, 13, 19, 20, 22, 28, fig. 30a; Price, 1938 a, 
N al : 
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110; emend. diagnosis—restricted to genotype—adopted below ; Brinkmann, 
1940, 82-83: includes, in addition Heterocotyle (partim) and Tritestis (in 
ignorance of Price’s revision). 

Generic diagnosis——Monocotylinae in which the ventral surface of the 
haptor is divided by septa into 8 equal sectors; one pair of large anchors 
present and (?) marginal hooklets. Almost terminal oral aperture surrounded 
by a membranous pseudo-sucker leading to a funnel-shaped pharynx. Eyes 
absent. Single testis. Single vagina opening to the left of the mid-line 
near mid-body. Uterine pore marginal. 


Type species: Monocotyle myliobatis Taschenberg, 1878. 
M. myliobatis Tasch., 1878. 


Tasch., 1878, 574: on Myliobatis aquila from Naples; Parona & Perugia, 
1890, 18-21, pl. 1, figs. 4-5, pl. 2, figs. 6-7: on VW. aquila from the Mediter- 
ranean ; Pratt, 1910, 3: cf. with Monocotyle floridana; Price, 1938 a, 110- 
111: syst.: points out that according to Par. & Per., the uterine pore is 
marginal, and therefore differing from all other members of the subfam. ; 
Brinkmann, 1940, 82: accepts this sp. as the type of gen. and congeneric 
with Heterocotyle spp. and with Tritestis. (Figs. 44 a-c herein.) 


Figures 44 a-c. 


a-c : Monocotyle myliobatis—a, Complete worm ; 6, A portion of the haptor ; 
c, Anchor (after Parona & Perugia). 


Dasybatotrema Price, 1936. 


Price, 1936, 11: prelim. note; 1938 a, 115: creation of monotypic gen. 
for Monocotyle dasybatis MacCallum, on the basis of its lacking the posterior 
septum in the haptor, and differences in the terminal genitalia. 

Generic diagnosis.—Monocotylinae in which the ventral surface of the haptor 
is divided by 7 radial septa (the posterior septum of other Monocotylinae 
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being absent), and having a central loculus. One pair of anchors and 14 
marginal hooklets situated on the fluted marginal membrane. Oral aperture 
at the base of a funnel-like pseudosucker on the margin of which open a 
number of gland-cells. Eyes absent. Single testis. Cirrus tubular com- 
posed of a number of cuticular bars. Vagina single, opening laterally on the 
left side. . 
Type species: Dasybatotrema dasybatis (MacCallum, 1916) Price, 1936. 
D. dasybatis (MacCallum, 1916) Price, 1936. 

MacCallum, 1916, 9-11, figs. 2, 2 A, 2 B: (as Monocotyle d.) on the gills of 
Dasyatis pastinaca and Pastinachus centrourus from Woods Hole, Mass.; 
Sprehn, 1933, 24: follows MacCallum ; Price, 1936, 11 (as Dasybatotrema d.) ; 
1938 a, 115-116, figs. 8-10: redescr. of type and paratype material; Johnston, 
1934, 64 (as Monocotyloides d.); Brinkmann, 1940, 83: syst. (as Monocoty- 
loides d.)—in ignorance of Price’s revision. (Figs. 45 a—c herein.) 


Figures 45 a-c. 


a-c: Dasybatotrema dasybatis—a, Complete worm ; 6, Cirrus, armed with 
a sheath of rods ; c, Anchor (after Price). 


Heterocotyle Th. Scott, 1904. 

Th. Scott, 1904, 279 ; Johnston, 1934, 64—in ignorance of Scott’s genus 
—creates Monocotyloides for atypical Monocotyle spp. [defined as ‘“‘ Mono- 
cotylinae: near Monocotyle, but differing in possessing a single testis and a 
cotylophore with a central loculus in addition to the eight marginals ; hooks 
as in Monocotyle. Type M. robusta (Johnston & Tiegs, 1922). Other species : 
M. dasybatis (MacCallum, 1916); M. minima (Johnston & Tiegs, 1922)]” ; 
¢ Price, 1938 a, 111: recognition of Scott’s gen. as valid, and incorporates 
the following as syns. (Monocotyle auct. (partim) ; Trionchus MacCallum, 1916 ; 
and Monocotyloides Johnst. 1934), gen. redefined and reviewed ; Brinkmann, 
1940, 76-81, 82-83 : review of related genera, and considers that Heterocotyle 
pastinacae Scott, should be trans. to Monocotyle, and he retains Mono- 
cotyloides Johnst. ; Fuhrmann, 1928, 28: accepts Heterocotyle Scott, and places 

it in Tristomidae, Tristominae ; Heferocotyle (sensu Price) accepted herein. 
Generic diagnosis.—Monocotylinae in which the ventral surface of the 
haptor is divided by 8 radial septa into 8 marginal depressions and a central 
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loculus; one pair of anchors and 14 marginal hooklets present. Oral 
aperture surrounded by a poorly developed oral sucker. Eyes present or * 
absent. Single testis, and a slender cuticularized cirrus. Common genital 
pore, and vagina probably always present. 
Type species: Heterocotyle pastinacae Th. Scott, 1904. 
H. pastinacae Th. Scott, 1904. 

Th. Scott, 1904, 279, pl. 17, fig. 14, on T'rygon pastinaca from Dornoch 
Firth, Scotland; Sprehn, 1933, 25: citation; Price, 1938 a, 114: considers 
this inadequately described sp. to be very similar to H. minima, if it is not 
identical, but prefers to regard it as distinct until genotypes have been 
re-examined ; Brinkmann, 1940, 79-80: tabular cf. with H. minima considers 
it to be a prob. syn., though he transf. it to Monocotyle: M. pastinacae 
(Scott)—syns. (tentative) Monocotyle dasybatis minus MacCallum, Monocotyle 
minima (MacCallum), Monocotyloides minima (Johnst. & Tiegs) Johnst. 1934 
—suggestions in ignorance of Price’s work. 

H. floridana (Pratt, 1910) Price, 1938. 

Pratt, 1910, 1-9, figs. 1-11: (as Monocotyle f.) on Aetobatus freminvillit 
from the Gulf of Mexico; Price, 1938 a, 111, 113, figs. 14: redescr. of 
cotype material (as Heterocotyle f.)—he points out that one of the dis- 
tinguishing features of this sp. is the presence of stout conical papille on the 
posterior dorsal surface of the haptor ; Brinkmann, 1940, 83 (as Monocotyle f.). 

H. minima (MacCallum, 1916) Price, 1938. 

MacCallum, 1916, 11-13, fig. 3 (as Monocotyle dasybatis minimus); 1916, 
16-18, fig. 5 (as T'rionchus dasybatis) ; this specimen was examined by Price 
(1938 a, 114), and the character on which MacCallum based the genus was 


Figures 46 a-c. 


a-c: Heterocotyle minima—a, Complete worm ; }b, Cirrus ; 6, One of the 
marginal hooklets (after Price). 


found to be due to a foreign body appearing like a third (bifid) hook—and 
that the specimen is identical with H. minima; Price, 1938 a, 113-114, 
figs. 5-7: redescribed MacCallum’s specimens (as H. minima), also considers 
that it may be syn. with the genotype; Johnst. & Tiegs, 1922, 115-116: 
syst. (as Monocotyle minima); Johnst., 1934, 64: syst. (as Monocotyloides — 
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m.)—though a probable syn. of Monocotyle pastinacae (Scott) Brinkm. The 
only specimens of this species were all collected by MacCallum at Woods 
Hole on the gills of the following fish: Dasyatis pastinaca (L.), Squalus 
| acanthias L., and Pastinachus centrourus (Mitchill). (Figs. 46 a—c herein.) 

H. robusta (Johnst. & Tiegs, 1922) Price, 1938. 

Johnst. & Tiegs, 1922, 116-117, text-fig. 1: (as Monocotyle robusta) on 
Urolophus testaceus Miill. & Henle, from Sydney, Australia ; Johnston, 1934, 
62-65, figs. 1-6: redescr. as type of n. gen.: Monocotyloides r.; Price, 
1938 a, 111, 114 (as Heterocotyle r.); Brinkmann, 1940, 83: syst. (as Mono- 
cotyloides r.). 

Tritestis Price, 1936. 

Price, 1936, 11: prelim. note; 1938a, 114-115: gen. diag. (syn. 
Monocotyle of Goto, 1894). 

Generic diagnosis—Monocotylinae in which the ventral surface of the 
haptor is divided into 8 equal sectors by radial septa, leaving no central 
loculus (resembling Monocotyle rather than Heterocotyle or Dasybatotrema). 
Oral aperture ventral, not surrounded by a sucker, and anterior end with 
8 head organs similar to those in Gyrodaetyloidea. Eyes present. Three 
testes. Common genital pore median, with a coiled cuticularized cirrus. 
Vaginal opening lateral. Anchors relatively small. 

Type species: Tritestis yimae (Goto, 1894), Price, 1936. 
T. ujimae (Goto, 1894) Price, 1936. 

Goto, 1894, 230-232, pls. 17-18, figs. 1, 2, 4, 10: (as Monocotyle 1.) in the 
mouth of Trygon pastinaca {[=Dasyatis p. (L.)| from Japan; Pratt, 1910, 
3, 4, 5, 6: (as Monocotyle +.) cf. with M. [=Heterocotyle] floridana ; Fuhrmann, 


¢ 


Figures 47 a-b. 


a-b: Tritestis ijimae—a, Complete worm, ventral view; 6, Anchor (after Goto). 


1928, 13, fig. 18 (after Goto, as Monocotyle 2.); Johnst. & Tiegs, 1922, 115: 
syst. (as Monocotyle i.) ; Price, 1936, 11 (as T'ritestis 7.) ; 1938 a, 115: n. gen 
defined for this sp. and compares it with Hmpruthotrema Johnst. & Tiegs, 
which it resembles in the character of the head organs; Brinkmann, 1940, 
83: syst. (as Monocotyle .). (Figs. 47 a-b herein.) 


: - DrioncHINAE Johnst. & Tiegs, 1922. 
 Johnst. & Tiegs, 1922, 122-123: subfam. of Calceostomidae (sic)—solely on 
account of the lack of definite head organs ; other genera included in this subfam. 
= 2P2 
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were: Dionchotrema Johnst. & Tiegs, Lophocotyle Braun, and, doubtfully, Anoplo- 
discus Sons.; Fuhrmann, 1938, 28 (as Monocotylinae, s. lat., pro parte); Price, 
1938 a, 123: tax. revis. and restr. to the type gen. only, in Monocotylidae, sensu 
Price. 

Subfamily diagnosis—Monocotylidae in which there are no well-defined 
anterior adhesive organs, but there are numerous cephalic glands opening round 
the anterior region. Haptor continuous with posterior end of body and sucker-like, 
its ventral-posterior surface divided by septa into more than 8 marginal depressions 
and a central loculus, a pair of relatively small anchors and 14 marginal hooklets. 
Intestinal crura unbranched and confluent posteriorly. Eyes present. Genital 
aperture on the left, submarginal. Cirrus muscular and unarmed. ‘Two testes, 
tandem. Vagina absent. 

Type genus: Dionchus Goto, 1899. 


Figures 48 a-e. 


a-c: Dionchus agassizi—a, Complete worm ; b, Anchor and larval hooklet (after Price); c, Ventral 
view of haptor showing the ten partitions (after Goto). d-e: D. remorae—d, Haptor, showing 
the fourteen partitions ; e, Anchor and larval hooklet (after Price). 


Dionchus Goto, 1899. 


Goto, 1899, 291; Johnst. & Tiegs, 1922, 123: revision of related genera ; 
create Dionchotrema as n.n. for Acanthodiscus MacCallum, 1916: nec MacCallum, 
1918, nec Uhlig, 1906—preoccupied for a genus of molluscs; Acanthodiscus 
MacCallum, 1918 [=Protomicrocotyle Johnst. & Tiegs]; Price, 1936, 11: sup- 
presses Dionchotrema Johnst. & Tiegs, as syn. of Dionchus, because the character 
on which it was based is non-existent ; 1938 a, 124, 125: syst. and redefined. 

Generic diagnosis.—Dionchinae with characters of the subfamily. 
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Type species: Dionchus agassizi Goto, 1899. 
D. agassizi Goto, 1899. 

Goto, 1899, 286-291, pl. 21, figs. 19-24: on Remora brachyptera from 
Newport, Rhode Isl., U.S.A.; Monticelli, 1905, 69 (as D. agassizii); Price, 
1938 a, 124, figs. 26-28, on gills of Remoropsis brachyptera and 
Echeneis naucrates—the former from New York Aquarium and Woods 
Hole, Mass., and the latter from West Indies, by Johnson-Smithsonian Deep- 
Sea Expedn.: redescr.; Linton, 1940, 4-5, figs. 162-163: on Remora remora 
from Woods Hole, Mass. ; Brinkmann, 1940, 83: syst. (Figs. 48 a—c herein.) 

D. remorae (MacCallum, 1916) Price, 1938. 

MacCallum, 1916, 21-22, figs. 8,8 A: (as Acanthodiscus r.—name of gen. 
preoccupied) on Hcheneis naucrates from New York Aquarium ; Johnston & 
Tiegs, 1922, 123: syst. (as Dionchotrema r. type of a new genus); Price, 
1938 a, 124-125, figs. 29-30: redescribed from type material from N.Y. 
Aquarium and from FH. naucrates from West Indies (Johnston-Smithsonian 
Expedn.), and one from Caranx hippos from U.S.A.; Brinkmann, 1938, 
83: syst. (as Dionchotrema remorae). (Figs. 48 d-e herein.) 


LOIMOINAE Price, 1936. 


Price, 1936, 11: prelim. note; 1938a@, 121: subfam. separated from other 
Monocotylidae by reason of aseptate haptor, and removes it from Udonellidae 
(where it was placed by Fuhrmann, 1928, 28) owing to the armoured haptor and 
the cuticularized cirrus; Manter, 1944, 86-89 [see Addenda]. 

Subfamily diagnosis.—Monocotylidae with the anterior adhesive apparatus in 
the form of 1-3 preoral suckers. Haptor disc-like, without septa, but with a 
pair of relatively small anchors and a number of marginal hooklets, and usually 


Figures 49 a-c. 


I O-t mms 


a-c: Loimos salpinggoides—a, Complete worm, ventrai view; 6, Cirrus; c, Anchor (after Price). 


a pair of dorsal ridges. Genital aperture apparently median or sub-median. Cirrus 
long and cuticularized. Testis single in anterior half of body. Vagina present. 
Type genus: Loimos MacCallum, 1917. 
Loimos MacCallum, 1917, 54; Fuhrmann, 1928, 28 (in Udonellidae), Price, 
1938 a, 121 (in n. subfam. in Monocotylidae). 
Generic diagnosis.—Loimoinae, with the characters of the subfamily. 
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Type species: Loimos salpinggoides MacCallum, 1917. 

L. salpinggodies MacCallum, 1917, 54, figs. 24 A-C, on Carcharias obscurus 
(Le Sueur), from Woods Hole, Mass. ; Price, 1938 a, 121, 123, figs. 22-25: redeser. 
with corrections—from co-types. (Figs. 49 a-c herein) [see Addenda]. 


MERIZOCOTYLINAE Johnst. & Tiegs, 1922. 

Johnst. & Tiegs, 1922, 114 (syn. Anisocotylinae Monic. 1903, partim); Fuhr- 
mann, 1928, 28 (in Monocotylinae); Price, 1938 a, 116-117: diag. emend. and 
key, adopted below; Brinkmann, 1940, 82: in Monocotylidae—no subfam. 
recognized; Kay, 1942, 254—review of taxonomy, but follows Fuhrmann and- 
places type gen. in Monocotylinae, thus suppressing Merizocotylinae. The arrange- 
ment of Price is followed herein. 

Subfamily diagnosis ——Monocotylidae in which the anterior adhesive apparatus 
is only represented by cephalic glands—more or less concentrated into head 
organs. Haptor with numerous sucker-like areas separated by septa: there is 
always a group of such areas between the marginals and the central loculus ; one 
pair of anchors (absent in Hmpruthotrema) and 14 marginal hooklets present. 
Eyes present or absent. Vagina double: 2 symmetrical ducts opening laterally. 

Type genus: Merizocotyle Cerfontaine, 1894. 


Key to the Genera of Merizocotylinae (modified, from Price). 


1. Cephalic glands forming numerous scattered head organs ............++-. Cathariotrema. 
Cephalic glands forming 3 pairs of head organs ................eceeeeee 2. 
2, AnChors absent ia oF % 6 oil iors rons sie igi ge el ele opera eter eo ote el eee ee ae Empruthotrema. 
One pair of anchors: present 05). «a «+0.« «01/06 snleleiale siahets teenie 3. 
3. Haptor with 7 depressions round centre ..........0s0essessessees Merizocotyle. 
Haptor with 4 depressions round centre ..........esceecceerseces Thaumatocotyle. 


Merizocotyle Cerfontaine, 1894. 

Cerf., 1894, 936-948 ; Johnst. & Tiegs, 1922, 114; Fuhrmann, 1928, 7, 8, 
9, 15, 17, 28, fig. 30c: in Monocotylinae ; Price, 1938 a, 117: diag. emend. ; 
Brinkmann, 1940, 55, 56, 57, 58, 59, 74, 76-79: includes Thaumatocotyle in 
this gen.; Kay, 1942, 254-260: discussion of related forms and taxonomy— 
but in ignorance of the work of Scott (1904) and of Price (1938); Nybelin, 
1941, 12: incl. gen. in Calicotylinae sensu Nyb., on basis of the 2 symmetrical 
vagine. 

Generic diagnosis.—Merizocotylinae with three pairs of head organs on the 
anterior end. Haptor disc-like with 7 sucker-like depressions round the 
central depression, and at least 18 marginal depressions. One pair of anchors 
and 14 marginal hooklets present. Eyes absent. Large single testis. 

Type species: Merizocotyle diaphana Cerf., 1894, emend. 
M. diaphana Cerf., 1894, emend. 

Cerf., 1894, 936-948, figs. 1-6: (as M. diaphanum) on Raja batis, from 
Ostende, Belgium ; 1898 b, 329, 330-357, 358, 359, 360, 363, pl. 13, figs. 1, 3, 
5, 8-11, pl. 14, figs. 1, 9 (as M. diaphanum) on R. batis; Fuhrmann, 1928, 
figs. 4, 26, 28; Price, 1938 a, 117: syst. (as M. diaphanum); Brinkmann, 
1940, 82: syst. (as M. diaphanum); Kay, 1942, 254-256, 259-260: trans- 
lation of Cerfontaine’s definitions, and cf. with Pseudomicrocotyle [ =Thawmato- 


A SYNOPSIS OF THE MONOGENETIC TREMATODES. 287 


cotyle] dasybatis (MacCallum, 1916), and with M. pugetensis Kay. (Figs. 50 a-c 
herein.) Dr. Baylis (personal communication) points out the necessary 
grammatical emendation to the specific name: M. diaphana. 

a M. minor Cerfontaine, 1898, emend. 

- Cerf., 1898, 330, 357, 361, 363, pl. 13, figs. 2, 4, 6, 7 (as M. minus) on 
. Raja sp. from Roscoff; St. Remy, 1898, 543 (as M. minus) on Raja 
oxyrhynchus from Roscoff ; aes 1938 a, 117: syst. (as M. minus); Kay, 
: - 1942, 259-260 (as WM. minus): cf. with M. pugetensis; Dr. Baylis (personal 
. communication) points out sel necessary grammatical emendation to M. minor. 


Figures 50 a-e. 


oe 


a-c: Merizocotyle diaphana—a, Complete worm, ventral view; 6, Genitalia, ventral view; c, One 
of the anchors (after Cerfontaine). d-e: M. pugetensis—d, One of the anchors (to the same 
scale as c); e, es (after Kay). 


M. pugetensis Kay, 1942, 257-260, figs. 2-5, in the nostrils of Raja binoculata 
(Girard) from Friday Harbour, Washington, U.S.A.: points some differences 
in the proportions of parts of the body and the form of the anchors which 
distinguish it from the other two species. (Figs. 50 d-e herein.) 

Cathariotrema Johnst. & Tiegs, 1922. 

Johnst. & Tiegs, 1922, 122: include this gen. in Calceostominae (sic), on 
account of the “the possible presence of cephalic glands”? and removed 
type sp. from Monocotyle because of numerous suckers on the posterior disc ; 
Fuhrmann, 1928, 27: in Calceostomidae (sic) ; Price, 1938 a, 120: suppresses 
the name Paramonocotyle Johnst., 1934, as a syn., since this was a mere 


_— renaming. 
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Generic diagnosis—Merizocotylinae in which the cephalic glands are not 
concentrated into head organs, but are numerous and open over a wide area 
on both sides of the anterior end. Haptor disc-like, wider than long, with 
its ventral surface divided into a very large number of sucker-like depressions : 
one pair of anchors and a number of marginal hooklets present. Eyes 
absent. Single testis. 


Type species: Cathariotrema selachit (MacCallum, 1916). 
C. selachii (MacCallum, 1916) Johnst. & Tiegs, 1922. 


MacCallum, 1916, 18-20, figs. 6, 6A: (as Monocotyle s.) in the olfactory 
organs of Carcharias obscurus, OC. commersoni, Sphyrna zygaena and Alopias 
vulpinus from Woods Hole, Mass.; Johnst. & Tiegs, 1922, 122 (as 
Cathariotrema s.): show that it is not congeneric with Monocotyle—a restudy 
of MacCallum’s account, which was based on crushed specimens—place it in 
n. gen. and in same subfam. as Calceostoma v. Ben., on acct. of the scattered 


Figures 51 a-c. 


: Cathariotrema selachii—a, Complete worm, ventral view; }, Cirrus; ¢, Anchor, (after Price). 


head organs on the “ head lobes ” ; Johnston, 1934, 65 (as Paramonocotyle s.) : 
renaming and_ redefinition ; Price, 1938 a, 120-121, figs. 19-20 (as 
Cathariotrema s.): redescr. from original and fresh material—shows that the 
“head lobes”? shown by MacCallum and referred to by Johnst. & Tiegs, are 
artefacts, and hence not considered as Calceostomatidae, but on acct. of 
haptor character, etc., in Merizocotylinae ; Brinkmann, 1940, 74, 82: syst. 
(as Paramonocotyle s.): removes it from Calceostomatidae and places it in 
Monocotylidae—subfamily not stated. (Figs. 51 a-c herein.) 


Empruthotrema Johnst. & Tiegs, 1922 


Johnst. & Tiegs, 1922, 114 (syn. Acanthocotyle of MacCallum, 1916) ; 
Fuhrmann, 1928, 27: placed in Monocotylinae, Monocotylidae emend. ; 
Price, 1938 a, 119: emend. diag. adopted below; Brinkmann, 1940, 56-58, 
59, 82: syst.—cf. gen. characters with those of Calicotyle and Merizocotyle ; 
Nybelin, 1941, 12: incl. gen. in Calicotylinae—sensu Nyb. 

Generic diagnosis.—Merizocotylinae in which the anterior end is provided 
with 3 pairs of head organs. Haptor disc-like and the ventral surface 
divided into a number of sucker-like depressions, of which 5 are adjacent to 
the central one, and distal to them are 14 marginals. Anchors lacking, but 


\ 
A SYNOPSIS OF THE MONOGENETIC TREMATODES. 289 


14 marginal hooklets present. Eyes absent. Testis sharply bent upon 
itself, in the form of two closely adpressed lobes. 
Type species: Empruthotrema raiae (MacCallum, 1916). 
E. raiae (MacCallum, 1916) Johnst. & Tiegs, 1922. 

MacCallum, 1916, 23-25, figs. 9, 9A, 9B: (as Acanthocotyle r.) in the 
olfactory organs of Raja erinacea and R. diaphanes from Woods Hole, Mass. ; 
Johnst. & Tiegs, 1922, 114, 124: show that it is not congeneric with 

g Acanthocotyle Montic., and place it in a new gen. (as Hmpruthotrema r.) ; 
Price, 1938 a, 119-120, figs. 15-18 (as Empruthotrema r.): redescr. and 
emend. definition—points out that there are not two testes, but a single 
one, which is bent on itself; Brinkmann, 1940, 55, 56-58, 59, 74, 82: syst. 
review—accepts the nomenclature of Johnst. & Tiegs. (Figs. 52a-d 
herein.) 


Figures 52 a-d. 


a-l : Empruthotrema raiae—a, Complete worm, ventral view; 6. Cirrus ; 
ce, Cirrus and ejaculatory bulb; d, Egg (after Price). 
Thaumatocotyle Th. Scott, 1904. 

Scott, Th., 1904,.278-279 ; Fuhrmann, 1928, 28: in Tristominae Montic., 
Tristomidae Tasch.; Sprehn, 1933, 10, key: follows Fuhrmann; Price, 
1938 a, 117: diag. emend.—in Merizocotylinae ; Brinkmann, 1940, 74, 76-79 : 
considers that this gen. is syn. with Merizocotyle Cerf.; Kay, 1942, 255- 
256: creates n. gen. for MacCallum’s sp. Pseudomerizocotyle—in ignorance 
of Thaumatocotyle, and of the work of Price (1938); Pseudomerizocotyle 
Kay must clearly fall as syn. to Thaumatocotyle Scott. | 

_¢ a Generic diagnosis.—Merizocotylinae in which the anterior end is provided with 
three pairs of head organs. Haptor disc-like with the ventral surface divided 
into sucker-like depressions, 4 of which are adjacent to the central loculus 
and 13 marginal. One pair of anchors, and marginal hooklets present. 
Eyes present. ‘Testis single. } 
Type species: Thaumatocotyle concinna Th. Scott, 1904. 
T. concinna Th. Scott, 1904. 

Scott, Th., 1904, 278-279, pl. 17, fig. 15: in the nasal fossae of T'rygon 
pastinaca from Dornoch Firth, Scotland; Scott, Th., 1905, 118: record 
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repeated ; Price, 1938 a, 119: review—probably identical with T’. dasybatis, 
as from the brief descr. by Scott, the only difference is that the pharynx is 
about a fifth of the body length in concinna, and about one-tenth the body 
length in dasybatis—judgment is suspended until a re-examination of the 
genotypes can be made ; Brinkmann, 1940, 78, 79, 82 : discussion of relation- 
ships and considers that Merizocotyle dasybatis MacCallum is a syn. of 
T. concinna—an independent conclusion, in ignorance of the work of Price. 
T. dasybatis (MacCallum, 1916) Price, 1938. 

MacCallum, 1916, 13-15, figs. 4, 4A: (as Merizocotyle d.) on Dasyatis 
pastinaca from Woods Hole, Mass.; Sprehn, 1933, 24 (as Merizocotyle d.); Price, 
1938 a, 117, 119, figs. 11-14 (as Thawmatocotyle d.): redescr. from specimens 
on the gills and in the olfactory organs of D. pastinaca, Pastinachus centrourus 


Figures 53 a-d. 


2 ¢ atid 
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a-d: Thaumatocotyle dasybatis—a, Complete worm, ventral view ; b, Egg; c, Cirrus ; 
d, Anchor and marginal hooklet (after Price). 


and Raja ermacea—all from Woods. Hole, Mass.—as a possible syn. of 
the genotype; Brinkmann, 1940, 77, 78, 79: gives a tabular comparison 
between Scott’s and MacCallum’s accounts of their spp. and considers them 
synonymous; Kay, 1942, 254-256, fig. 1 (redrawn from MacCallum’s fig. 4): 
cf. MacCallum’s account of WM. dasybatis with Cerfontaine’s of M. diaphana 
and concludes they are not congeneric ; in ignorance of the works of Scott, 
Price, and Brinkmann, creates anew gen. for this sp. (as Pseudomerizocotyle d.) 
—which falls as a syn. of T'haumatocotyle dasybatis (MacCallum). (Figs. 
53 a-d herein.) 


CALICOTYLINAE Monticelli, 1903. 
Montic., 1903, 334—336, 1905, 70; Johnst. & Tiegs, 1922, 117; Price, 1938 a, 
116: redefined—containing only the type genus; Nybelin, 1941, 11-17: 
creates a n. subfam. of the same name (in ignorance of that of Monticelli, Johnst. 
& Tiegs, and Price) to contain the type gen. (which he divides into 3 subgenera) ‘ 
and his n. gen., Dictyocotyle, together with Merizocotyle and Hmpruthotrema ; 
this would, however, be tantamount to including Merizocotylinae as a whole, and 
is not accepted herein. 
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Subfamily diagnosis.—Monocotylidae in which the anterior adhesive apparatus 
is in the form of a rudimentary oral sucker. Disc-like haptor similar to that of 
Monocotylinae but usually with 7 large outer sucker-like loculi and an equal-sized 
central loculus ; the odd loculus is posterior and median and its walls bear the 
single pair of anchors (as in Dasybatotrema), and there are apparently no marginal 
hooklets persistent in the adult. Eyes absent. Testes numerous and situated 
between the intestinal crura. Vagina double: two symmetrical ducts opening 
on the ventral surface, and uniting in the median receptaculum seminis—as in 
Merizocotyline. 

‘Type genus: Calicotyle Diesing, 1850. 


Key to the Genera (and Subgenera of Nybelin) of Calicotylinae. 


1. Haptor divided by septa, in low relief, into a reticulum of numerous 


mL T PRION PEA ie doe oe IG eso sak Sure ge bah eae ds Dictyocotyle. 
Haptor divided by septa, in high relief, into 7 peripheral and one 
ESE ORAE IG OF CHOY BIGOT jeiey sls ben's has p be te eee nd aw 2. 
Seo BAIT GE ATICNOTS PESCNE «c/s kip de ele essen db aew een 3. 
LEE SSN 9 aan ery Wer boy ee Calicotyle (Gymnocalicotyle). 
3. Vaginae almost horizontal ; maximum width of body at the 
ning end... .. IMME Eee al > ig SERIA AMELIE okt ea ces es Calicotyle (Calicotyle). 
Vaginae join in the form of a “U ” ; maximum width of body 
ge OLE Se 0 eo Ry af Siro ae Re eR sr 7 0 ge Calicotyle (Calicotylides). 


Nybelin (1941) distinguishes his subgenera of Calicotyle on the basis of the following characters, 
in addition to those emphasized in the key; though it is not thought: necessary to retain these 
_subgeneric names here, since the genus is a small one at present, so that: no useful purpose would be 
served by the additional names. C. (Calicotyle) Nybelin: Calicotyle with the maximum width of 
body across the hind margin ; central loculus of haptor rounded and posterior bearing an anchor 
in each of its side-walls. Cuticularized penis relatively short. Vaginae relatively short and the two 
ducts almost exactly horizontal, opening between the caeca and the vitellaria. Caeca turn abruptly 
inwards along the hind margin of the testicular mass, and near the mid-line bend downwards for a 
short distance before ending blindly near the anterior edge of the haptor. Incl.: C. (C.) kroyeri, 
(C.) mitsukurvi and (C.) australis. C. (Calicotylides) Nybelin : Calicotyle with more or less parallel- 
sided body, or with maximum width near the middle ; central loculus of haptor quadrangular with a 
pair of anchors as in (Calicotyle). Cuticularized penis relatively long. Vaginae relatively long, and 
join in the form of a “‘ U ”-opening near the intestinal bifurcation, ventral to caeca, and near to the 
anterior edge of the vitellaria. Caeca nearly straight, except for a slight kink inwards near the edge of 
the testicular mass. Incl.: (C.) affinis (subgen. type) and (C.) stossichi. C. (Gymnocalicotyle) 
Nybelin : Calicotyle in which the maximum body width is near the hind end. The central loculus 
of the haptor is rounded, but there are no anchors. Cuticularized penis relatively long. Vaginae joining 
in a wide “V’’-shape, and opening near the anterior end of the vitellaria, between this and the intestine. 
Caeca nearly parallel. Includes only the subgen. type : (G.) inermis. 


Calicotyle Diesing, 1850. 
Dies., 1850, 290, 431, 651 (syn. Calycotyle Dies., 1850, p. 650, misspelling), 
also Callicotyle Dies., 1858, 313, 362); Montic., 1888, 56, 57, 58, 60 (as 
6, Callycotyle—syn. due to misspelling); Goto, 1894, passim (comp. morphol., 
, 161-162; -syst., 226-229, 258); Scott, 1902, 299-300 (as Calliocotyle— 
: syn.); Scott, 1905, 117 (as Callocotyle—syn.); St. Remy, 1898, 540 (as 
Caiycotyle—syn.); Johnst. & Tiegs, 1922, 117-118; Vlassenko, 1928, 240 (as 
Calicotylus) comp. anat., cf. with [Aviella] baikalensis; Fuhrmann, 1928, 
"2Q2 
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6, 7, 13, 22, 28—in Monocotylinae; Price, 1938 a, 116: in Calicotylinae ; 
Brinkmann, 1940, 57-58, 59, 66, 71: tabular cf. with Hmpruthotrema and 
Merizocotyle, key to species and review ; Nybelin, 1941, 10-17: syst. review, 
rearrangement into 3 subgenera (Calicotyle, Calicotylides and Gymmnocalicotyle). 

Generic diagnosis.—Calicotylinae with a typical disc-like haptor divided 
into 8 regular loculi by 7 radial septa in high relief ; usually bearing one pair 
of anchors. Kctoparasites of selachians. 


Type species: Calicotyle kroyeri Diesing, 1850. 
C. kroyeri Dies., 1850. 


Dies., 1850, 431, on Aaya radiata from Kattegat; Hoek, 1856, 507-512, 
and 1857, 157-160, 1 fig. (as C. kroeyri—syn.) ; Dies., 1858 a, 70-71, pl. 1, 
figs. 15-19; 1858 e, 362: (as Callicotyle k.) in the cloaca of Raja radiata and 
R. batis ; Wierzejski, 1877 (Oct. 18), 550-551, pl. 31, figs. 1-14 (as C. kroyeri 
—syn.); Monticelli, 18917, 108, 111, 116, pl. 6, figs. 33-35; Hoyle, 1890, 
539 (as C. kroyeri—syn.); St. Remy, 1898, 540, 541: (as Calycotyle k.) on 
Rhombus maximus from N. France; A. Scott, 1901, 13: in the cloaca of 
Raja clavata from Beaumaris Bay, N. Wales ; Th. Scott, 1902, 299-300, pl. 13, 


Figures 54 a-b. 


a-b: Calicotyle kroyeri—a, Complete worm, ventral view ; 6, One of the anchors (original). 


fig. 30 : in cloaca of R. radiata60 miles S.E. of Shetlands (May), and off Aberdeen, 
also on R. clavata from the Clyde area (Oct.); Lebour, 1908, 39-40, pl. 5, 
fig. 1: on R. clavata and R. radiata from Northumberland ; Little, 1929 a, 

22-30: host record only—in cloaca of R. maculata from W. Ireland ; — 
Plymouth Marine Fauna, 1931, 100: in cloaca of R. circularis, R. montagui 
and £&. clavata from Plymouth; Baylis & Jones, 1933, 692: on R. maculata 
(cloaca) from Plymouth; Sprehn, 1933, 24; Ruszkowski, 1934, 486: in 


A SYNOPSIS OF THE MONOGENETIC TREMATODES. 293 


or near the cloaca of Chimaera monstrosa (2-4 on each fish), at Herdla ; 
Baylis, 1939, 474: record on “‘ Skate’ at Durham and in cloaca of R. mon- 
tagui at Plymouth (May); Brinkmann, 1940, 62, 63, 64, 66, 67, 68, 69, 70, 
71, 72, 82, 114, 115, 116, 117, pl. 14, figs. 54-55, pl. 15, fig. 58¢: cf. with 
C. affinis; Rees & Llewellyn, 1941, 692, 693, 694: record only on 
R. montagui from Trish Sea (March), R. oxyrhynchus, R. naevus and R. fullonica 
from the Irish Atlantic Slope (Aug.), and from R. microcellata from Irish Atl. 
Slope (July); Nybelin, 1941, 3, 4, 12, 13, 15, 16, pl. I, fig. 5: review of 
bionomics and nomenclature (as Calicotyle (Calicotyle) kroyeri). Recently 
found in the cloaca of a male R. clavata from Plymouth Aquarium (Oct.). 
(igs. 54 a—b herein.) 

C. affinis Th. Scott, 1911. 

Th. Scott, 1911, 68, pl. 7, fig. 1: on the gills of Chimaera monstrosa from 

_the North Sea (Aberdeen, Scotland); Sprehn, 1933, 24; Brinkmann, 1940, 
G2-71, 82, 111, 112, 113, 114, 115, 116, 117, pl. 12, figs. 46-48, pl. 13, 
figs. 50-52, pl. 14, fig. 56, pl. 15, fig. 58 d: redescribed from the rectal ampulla 
of Chimaera monstrosa off Bergen (19 % of the fish examined, one or two 
on each fish); relationships discussed ; Nybelin, 1941, 5, 11, 12, 13, 14, 15, 
16 (as C. (Calicotylides) affinis—type of new subgen.). 

C. australis Johnston, 1934. 

Johnst., 1934 a, 25-28, figs. 1-3: on Trygonorrhina fasciata Mill. & Henle 
from 8. Australia; Brinkmann, 1940, 66, 67, 68, 69, 70, 71, 72, 82, 116, 
117, pl. 15, fig. 586: discussion of relationships ; Ny bern, 1941, 12, 13, 14, 
15, 16 (as C. (Calicotyle) australis). 

C. inermis Woolcock, 1936. 

Woolcock, 1936, 82-84, pl. 3, fig. 6, text-fig. 1: in the oviducts of 
Pristiophorus cirratus (Lath.) from Australia; Brinkmann, 1940, 59, 66, 
Oe OO yenl So, 110, 111, 1147 1lb.TiG. 117, pl. 12, fig. 49; pl. 14, 
fig. 53, pl. 15, figs. 57, 58d: discussion of relationships; Nybelin, 1931, 
5, 10, 12, 15, 17 (as C. (Gymnocalicotyle) inermis—type of new subgen.). 

C. mituskuru Goto, 1894. 

Goto, 1894, 227-229, pl. 19, figs. 1-5: on Rhina sp. from Japan (see genus 
refs. for comparative discussions) ; Brinkmann, 1940, 66, 67, 68, 69, 70, 71, 
72, 82, 116, 117, pl. 15, fig. 58a, relationships; Nybelin, 1941, 12, 13, 14. 
15, 16 (as C. (Calicotyle) mitsukurit). 

C. stossicht Braun, 1899, 80-82, 1 fig. : in the rectal gland of Mustelus laevis from 
the Berlin Aquarium (from Mediterranean); Brinkmann, 1940, 66, 67, 68, 

69, 70, 71, 72,.82:: comparative study ; Nybelin, 1941, 5, 12, 13, 14, 15, 16 
(as C..(Calicotyle) stossichi). 

_ Dictyocotyle Nybelin, 1941. 

Nybelin, 1941, 17: establishes new gen. for monogenea of the Calicotyle- 
facies which live as endoparasites in selachians and have a less well-developed 
haptor and certain other characters; it appears doubtful if the characters 
described are of more than specific value, but the genus is retained until 
further specimens and young stages are available for comparison with 

Calicotyle spp. 
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Generic diagnosis.---Calicotylinae in which the haptor is divided by an 
irregular reticulum of septa, of low relief, into a very large number of loculi ; 
anchors and marginal hooklets absent. Testes forming a dense reticular 
mass. Endoparasites in the coelom of selachians: other characters as in 
Calicotyle Dies. 

Type species: Dictyocotyle coeliaca Nybelin, 1941. 

D. coeliaca Nybelin, 1941. . 

Nybelin, 1941, 3-4, 6-10, 11, 12, 15, 17, text-figs. 1-2, pl. figs. 14: 
in the coelom of Raja lintea Fries, and of R. radiata Don., from the North 
Sea area. 

Three mutilated specimens have recently been found by Mr. Quinten Geering, 
at Cambridge, from the coelom of young Raja sp. The fish had been in pre- 
servative for some months since their capture at Plymouth ; and since the body 
cavity of each had been opened to admit the preservative, it was assumed that 
they were ectoparasites which had become dislodged and become secondarily 
attached to the liver. Against this, however, it must be noted that Mr. Geering 
found them firmly attached to the liver and it is possible that though the specimens 
are without haptors, these may have been left behind when the worms were removed. 
Though several hundreds of rays have been dissected in the laboratories at 
Cambridge and elsewhere, enquiries have shown that no similar specimens have 
hitherto been recorded from Britain. The specimens were fully mature and some 
contained eggs. They were handed to Dr. Baylis for custody in the British 
Museum (Nat. Hist.), and provisionally identified by him as damaged Calicotyle 
kroyeri. 


CAPSALIDAE Baird, 1853. 


Baird, 1853, 41: name only—to include Capsala Bosc; Johnston, 1846 (as 
Phyllinidae); Cobbold, 1864, 18, 41-42 (as Tristomidae); Monticelli, 1888, 
122 (as Encotyllabidae), Gamble, 1896, 73 (as Tristomatidae); Fuhrmann, 
1928, 28 (as “ Tristomidae Tasch.”—including the subfamilies Tristominae 
Mont. ; and Ancyrocotylinae Montic.); Sprehn, 1933, 10 (key)—as Tristomidae 
partim ; Guiart, 1938, 7-10 (as Tristomidae—subdivision of type genus) ; 
Price, 1938 a, 109 (as Capsalidae—in key to families of Capsaloidea) ; 1938 6, 
412; 1939a, 63: definition and keys; Price’s diagnosis (slightly modified) 
adopted below. 

Family diagnosis.—Capsaloidea in which the body is elliptical, oval or cordate, 
and dorso-ventrally flattened. Cuticle smooth or provided with papillae, some- 
times with spines along the lateral margins on.the dorsal surface. Anterior 
region forming a pre-oral cephalic lobe, and adhesive apparatus subterminal or 
ventral on this lobe, consisting of a pair of suckers, or glandular areas, or both. 
Haptor well developed as a muscular disc, occasionally pedunculated 1 to 3 pairs 
of anchors and 14 marginal hooklets probably always present. Oral aperture 
ventral and never surrounded by an oral sucker, though pharynx always well 
developed. Intestinal crura usually with median and lateral, more or less 
branched diverticula. Sense organs present as two pairs of papillae on the 
cephalic lobe and two pairs of eyes. Male and female apertures close together — 
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at the level of the pharynx or in a common genital atrium, situated laterally. 
Two, or numerous, testes. Ovary median. Vagina present or absent, single. 
Type genus : Capsala Bosc. 1811. 


Key to the Subfamilies of Capsalidae. (Modified from Price, 1939, 64.) 


a: diaper on amuseuiar peduncle, aseptate: . 2... lo. et cee eee ees ENCOTYLLABINAE. 

Haptor sessile, or nearly so ; septate or aseptate =... 6... eee eee eee 2. 

ee MTR Tee yaa weiss <n «> <clal'e dilated Meldie Gee eis ee e've eas 3. 

EE UNAM VEAL aW 1G lo )s gs wen w/e ctale ie eb othin BS 5 4 ¥io.s ve bees 4. 

See RAD MR iy MEN cia ts as Soh. duis So.\nvie Swiss areteves Ried dive sce se aus TROCHOPODINAE. 
eT AP Lee eTocs. Gye a Susie oie siaieracpteoee Bk po Sines wet 0) 8-5 CAPSALINAE. 
Oe URES Io) nA Re Ee BENEDENIINAB. 
ea EEE Phe os his) sich tv's koa. a aire WR Ala Vie 4 aie sie sie NITZSCHIINAE. 


CAPSALINAE Johnston, 1929. 
Johnston, 1929, 74-76; 1931, 96; Price, 1939, 78: revision (syns. Tri- 
stominae Braun, 1893, 889; Tristomatinae Gamble, 1896, 73); Goto, 1894 
(as Tristoma): comp. anat. 6, 8, 9, 10, 13, 14, 15, 16, 32-35, 39-43, 44, 48, 49, 
50-51, 52, 55-56, 57, 59-60, 62, 64, 68, 69, 70, 75-76, 79-80, 83, 84, 85, 88-89, 
90, 95-97, 99, 102-103, 106, 109, 110, 111-112, 114, 116-117, 118, 119, 120-121, 
122, 127, 128, 129, 130, 140-141, 149-150, 152, 153, 161, 171, 173, 177-178, 180, 
181, 182; syst., 237-253, 259-260; Fuhrmann, 1928, 10, 13, 18, 20, 28: follows 
Goto in usage of T'ristoma sens. lat. 
Subfamily diagnosis.—Capsalidae with a pair of suckers on either side of the 
cephalic lobe, which are about the size of the pharynx, the latter being always 
well developed. Haptor divided by septa into a central polygonal, and seven 
-: subtriangular areas; spine-like anchors usually present, and 14 marginal 
hooklets. Testes very numerous. Ovary lobed. 
Type genus: Capsala Bosc, 1811. 


Key to the Genera of Capsalinae (from Price, 1939, 78). 


1. Pharynx with a constriction ; testes usually, if not always, extending laterally to 


ere Tae RR cs Soo 8 a) s gs Nin wit eo pI ee A Ai alar s| 0 aye bee, 0m 6,0, 058 Capsala. 
Pharynx without a constriction ; testes confined to the area between intestinal 
5 SOS gey Fel, BOE Rs RS ARS Pree he ger) Sa OS eer ee ea as 
" 2. Posterior rays of haptor bifid distally; anchors clawed; dorsal marginal 
’ spines crown-shaped, in a single longitudinal row................eeeeeeee Capsaloides. 


Posterior rays of haptor not bifid distally ; anchors without clawed tips ; 
dorsal marginal spines, when present, not crown-shaped and in numerous 
MALDON EN TAS loiita Sadik ste (ULM NB A ioiyin Gps iba doable cue Tee soe es Tristoma. 


_ Capsala Bosc, 1811. 

Bose, 1811, 384-385 (with Capsala martinieri as type); syns.: Phylline 
Oken, 1815, partim; Tristoma Cuvier, 1817, partim; Capsala of Guiart, 
1938, partim ; Tricotyla Guiart, 1938 ; Tristomella Guiart, 1938 ; Johnston, 
1929, 76: revives the gen. Capsala Bosc, to replace Tristoma and T'ristomum 
auctorum, though he retains the controversial sp. 7’. molae Blanchard in 
this gen.—as distinct from the genotype, with which Price (1939) makes it 
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identical ; Price, 1938, 11-12 : summary of previous work : states the identity 
of O. molae (Blanch.) and C. martinieri Bosc; 19386, 412-413: key to 
separate Capsalinae and list of valid spp. of Capsala; Guiart, 1938, 7-8: 
reviews Capsalinae (as Tristomidae) and subdivides them into four genera— 
in ignorance of the work of Johnston and of Price, and using different generic 
criteria, so that the grouping cuts across the generic concepts of these two 
workers. 


Guiart uses two sets of external characters as criteria for the separation of his four genera : 
characters which are not sharply demarcated—viz., whether or not the posterior edge of the body 
is distinctly notched at the insertion of the haptor, and the shape of the central polygonal area in 
the haptor. If the posterior septum of this polygon is shifted outwards the haptor is “ open ” and if 
the polygon is regular it is ‘‘ closed.’ The partition of the species is as follows :—Capsala emend. 
Guiart : a distinct notch in the posterior body margin, and a “‘ closed’ haptor. Type: C. martiniert 
Bosc ; also CO. squali Blanch., C. levinseni Montic., and C. sinuatum Goto; Tricotyla Guiart (p. 13), 
a distinct notch in the ‘posterior end of the body and an “ open” haptor. Type sp.: 7'. molae 
(Blanch.) ; also 7. pelamydis Tasch., 7’. cutanewm Guiart (syn. 7. molae of Tasch., 1880 partim ; 
T. rudolphianum of Leidy, 1890—non Dies., 1850; 7’. cephala of Nicoll, 1915—non Risso, 1826)— 
of which two varieties are described (vide infra), and 7. thynni Guiart ; T'ristoma Cuvier, 1817, sensu 
stricto, Guiart : No distinct notch on the posterior end of body and a “‘ closed”’ haptor. Type sp. : 
T'. coccineum Cuv.; also 7’. papillosum Dies. and 7. fuhkrmanni Guiart ; Tristomella Guiart (p. 10): 
No distinct notch in the posterior end of body and an “‘ open” haptor. Type sp.: 7. laeve (Verrill): 
also 7’. megalocotyle (Linstow), 7’. interruptum (Montic.), 7’. onchidiocotyle (Setti), T'. biparasiticwm 
(Goto), and 7. grimaldii Guiart. 


Price, 1939 a, 78-81: taxonomy and revised diagnosis—in ignorance of 
the work of Guiart ; Crofton, 1941, 209-210, retains the gen. Tristomum auct.,. 
sensu lato. The generic concepts of Price (1936, 1938, 1939) are accepted 
herein. 


In his short description of T'ristomum molae Blanch., Crofton states that the central heptagon is 
not a true one, 7.¢., “open” in Guiart’s terminology, the shifted side being usually that nearest 
to the oral suckers: “‘ There is a variation in the position of this bar in some specimens, the sucker 
appearing to be turned 60° to the right or left.’”” It is well known that the haptor of many monogenea 
is very mobile, but it is curious that Crofton should state that the shifted side of the heptagon is 
usually anterior, whereas other authors state that it is posterior. This anomaly could be verified 
by the position of the anchors had these been present. This possible variability of a critical 
generic character within one species casts some doubt on the separation of C. molae and C. martinieri 
into two species, or genera according to Guiart ; accordingly, for this and other reasons, the genera 
of Guiart are not adopted herein, 


Generic diagnosis.—Capsalinae with the posterior rays of the haptor not. 
bifid distally. Anchors, when present, simple and without claw-like tips. 
Pharynx with a transverse constriction. Testes usually, if not always, 
extending laterally to the intestinal crura. 

Type species: Capsala martiniert Bosc, 1811. 


C. martiniert Bose, 1811. 
Bosc, 1811, 384-385: on Diodon sp.; Rudolphi, 1819 a, 123, 430-431, 


pl. 1, figs. 9-10: (as Tristoma maculatum—renaming of C. martiniert Bosc) — 
gives syn. Phylline diodontis Oken. ; 
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The gen. Phylline Abild., 1790 (Cestoda [=Caryophyllaeus]), antedates Phylline Oken, 1815, and 
the sp. name “ diodontis” was based on similar worms from the same host genus described by 
La Martiniére, in Journ. de Phys., 1787, 207, pl. 2, figs. 4-5, and in his ‘ Voyage de la Perouse autour 
du monde,” iv. 79, pl. 20, figs. 4-5, though not actually used by La Martiniére. 

Stiles & Hassall, 1908, 120, 338, 375-378: give full references to that 
date, but only those references prior to 1908 which refer to synonyms are 
included here. 

Syns.: Phylline diodontis Oken, 1817, 182, 370, pl. 10, fig. 3; Tristoma 
maculatum Rud., 1819, 123, 430, pl. 1, figs. 9-10; 7’. coccinewm of Rud., 
1819, 123, 428, pl. 1, figs. 7-8 (acc. to St. Remy, 1891); 7. acuwleatum Couch 
(quoted by St. Remy as syn. of 7’. molae); Phylline coccinea Schweigger, 
1820 (acc. to St. Remy); T'ristoma cephala Risso, 1826, 262-263 (acc. to 
St. Remy, 1898, 535—as syn. of 7’. molae); Capsala sanguinea Bl.—in Dict. 
Se. nat., lvii., 568, pl. 11 (acc. to Dies.—syn. of 7’. molae) ; T. molae E. Blan- 
chard, 1847, 326-327 (acc. to St. Remy, 1891, 456); 7. rudolphianum Dies., 
1850, 249 (a renaming of 7’. coccinewm of Rud., 1819 [non Cuvier, 1817]) ; 
Tristoma coccineum of Bremser, 1824, 134, pl. 10, figs. 12-13 (acc. to Price, 
1939 a, 78); Guiart, 1938, 8, pl. 1, figs. 3-6: redescr. from 24 specimens 
from the skin of Mola mola caught off Azores (as Capsala martinieri—these 
Guiart considers are quite distinct from others—(as T'ricotyla molae (Blanch.)) 
which he obtained from the gills of the same host; /.c. p. 13, as type of n. gen.; 
Price, 1936, 11: prelim. note that 7’. molae auct.=C. martiniert Bosc ; 1939 a, 
79-81, figs. 19-21: redescr. from specimens from the skin of Mola mola 
from the Atlantic and Pacific coasts of N. America—notes that the most 
outstanding features of C. martinieri are the large anchors and the haphazard 
arrangement of the dorsal spines,and considers that the records of this sp. 
from Xiphias gladius are due to faulty identification of the parasite, and 

: that it is only found on Mola mola [=Diodon sp. of Oken,=Tetradon luna 
. of Risso, =Orthagoriscus mola auct.|—Fig. 55 a, herein. (See refs. to C. molae, 
which, on Guiart’s evidence, may be a distinct sp.) 
C. biparasitica (Goto, 1894) Price, 1938. 
Goto, 1894, 251-255, pl. 25, figs. 4-8: (as T'ristoma 6.) on the carapace of a 
copepod, Parapetalus sp., on the gills of Thynnus albacora from Misaki, 
: Japan, the worm laying eggs on the underside of the copepod; usually two 
on the abdominal segment ; 1899, 273: notes that the calcareous corpuscles 
[spines] are in regular longitudinal rows on the dorsal side of the body— 
similar to the arrangement in 7. sinuatum; Guiart, 1938, 10: accepts the 
validity of the sp., but removes it to Tristomella, on account of the “ open ”’ 
condition of the haptor and the lack of a distinct notch (sic) on the posterior 
border of the body ; Price, 1938 b, 412 (as Capsala b.) ; 1939 4,78: syst.-idem. 
C. cephala (Risso, 1826) St. Remy, 1898. 
_ Risso, 1826, 262-263: (as Tristoma c.), on Tetraodon luna trom European 
waters; Diesing, 1850, 431: T’ristoma c. defined as ‘‘ Corpus depressum ovatum 
antice sinuatum albo-caeruleum lineis nigris transversis pictum,’ and 
considered possibly identical with 7. papillosum, on Mola mola; Kroyer, 
1852-1853, 745 (as Tristoma cephalo) on Orthagoriscus mola; Taschenberg, 
1878, 564 (as 7. cephalo); St. Remy, 1989, 535 (as Capsala cephala—and 
VoL. xxv.—PaRT Iv. No. 15.—1946. 2B 
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syn. of 7’. molae Blanch. (q. v.) [and hence, of C. martiniert Bosc]) ; Johnston, 
1929, 76 (as syn. of Capsala martinieri) ; [not recognised as a valid sp. by 
Price]; Guiart, 1938, 13: non 7’. cephala of Nicoll, 1915 [=T'ricotyla cutaneum 

— Guiart, 1938—4. v.]. 

C. cutanea (Guiart, 1938), n. comb. emend. 

Guiart, 1938, 13-15, pl. 1, figs. 8-11: (as Tricotyla cutanewm) on the gills 

of Mola mola; syns.: Tristoma molae v. Ben. & Hesse, 1863, 77-79, non of 
EB. Blanchard, 1847; 7. molae of Tasch., 1880 (Jan. 12), 17-18 (partim) ; 
T. rudolphianum of Leidy, 1890, 230, non of Dies., 1850; 7’. cephala of 
Nicoll, 1915, 350-370, non of Risso, 1826 ; Guiart also describes two varieties— 
differing according to the relative sizes of the haptor—* var. atlantica or 
macrocotylea Guiart, 1938, 15, and var. mediterranea or microcotylea Guiart, 
1938, 15. Since the genus T'ricotyla is not accepted herein, the species is 
placed, provisionally, in Capsala Bosc, sensu Price, but Dr. Baylis points 
out that the termination of the specific name requires emendation, as shown 
above (personal communication). 


Figures 55 a-e. 


a, Capsala martinieri—Complete worm, ventral view. b-c: CO. laevis—b, Dorsal marginal spines ; 
c, Anchor. d-e: C. maccallumi, d, Anchor ; e, Marginal hooklet (after Price). 


C. foliacea (Goto, 1894) Price, 1938. 
Goto, 1894, 248, pl. 24, figs. 10-12, pl. 25, fig. 9: (as T'ristomum foliaceum) 


from an unnamed Japanese fish ; Price, 1938 6, 412 (as Capsala foliacea) ; 
1938 a, 79—idem. 


C. grimaldii (Guiart, 1938), n. comb. ; 
Guiart, 1938, 11, pl. A, fig. 3, pl. 1, fig. 7: (as T'ristomella g.)—6 specimens 
were found on the skin of the cheeks of Mola mola off Monaco, en route for 


Corsica. This sp. is placed, provisionally, in the genus Capsala herein. 
C’. interrupta (Monticelli, 1891) Price, 1938. 


Montic., 1891; 1892, 101, 105, 116, 122, 123, pl. 12, figs. 17-19: (as T'ristoma 
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interruptum) on the gills of Thynnus thynnus from the Mediterranean ; 
Guiart, 1938, 10: as a valid species of the genus T'ristomella Guiart ; Price, 
1938, 412 (as Capsala 2.) ; 1939 a, 783—idem. 

C. katsuwoni (Ishii, 1936) Price, 1938, emend. 

Ishii, 1936, 782, fig. 2: (as T'ristoma katswwonum) on the gills of Katsuwonus 
vagans from Japan; Ishii and Sawada, 1938, 233-234: (as 7’. katsuwonum)— 
from the same host; Price, 1938 6, 412: (as Capsala katsuwona—sp. name 
emend.) [Dr. Baylis (personal communication), points out that this 
emend. is not good and “as the word is not an adjective, it would have 
been better to emend it to katsuwoni or not at all” ]; Price, 1939 a, 79— 
footnote : states that he examined Ishii’s types, and finds small unicuspid 
spines as in C. martiniert, and notes, in addition, the large, irregularly dis- 
tributed, haptoral papillae. 

C. laevis (Verrill, 1874) Johnston, 1929. 

Verrill, 1874, 40; 1885, pl. 43: (as T'ristoma laeve) on Tetrapterus albidus 
from Block Island, N. America; Goto, 1899, 271-273, pl. 20, figs. 10-12: 
(as 7’. laeve); syns.: T'. histiophori Bell, 1891 a, 534-535 (from Histiophorus 
brevitrosris), T'. ovale Goto, 1894, 241-244, on Histiophorus orientalis and 
H. spp., from Misaki, Japan. Goto distinguishes two vars. :—var. armata 
Goto, 1899: form with cuticular spines on the dorsal margins of the body 
(syn. 7’. histiophori Bell), and var. inermis Goto, 1899: form without any 
trace of dorsal spines (syn. 7'. ovale Goto) ; Setti, 1899, 79-83; 1899, 124: 
independently of Goto, determined that 7’. laeve and T’. ovale were identical 
with 7. histiophori Bell—after examining the types of the latter—(as 7’. laeve) ; 
Johnston, 1929, 76 (as Capsala laevis); Guiart, 1938, 10: takes 7’. laeve 
Verrill as the type of his new gen. 7'ristomella [herein as syn. of Capsala 
Bosc]; Price, 1938 b, 410-411, pl. 2, figs. 3-7: redescr. (as Capsala laevis— 
syns. 7’. laeve Verrill, 7’. histiophori Bell, T. laeve var. armata Goto); accepts 
the syns. of Johnston, 1929; comparison of worms from ‘“ Dorado” from 
San Paulo, Brazil, with Verrill’s type from the N. Atlantic showed them to 
be identical, except that the southern forms were slightly larger—considers 
the absence of dorsal spines to be a specific, rather than a varietal, character, 
thus re-instating ovale as a valid sp.; Price, 1939 a, 78: syst. (as Capsala 
laevis (Goto)—nec T’. laeve of Linton, 1898, nec of Linton, 1901 [=C. lintonz]); 

q corrected names of hosts: Tetrapterus imperator, T'. brevirostris and Cory- 
: phaena hippurus; Linton, 1940, 10-11, pl. 15, figs. 184-188: (as Capsala 

laevis) on Xiphias gladius from Atlantic coast of N. America. (Figs. 55 b-c 
7 herein.) 

C. lintoni Price, 1939. 

Price, 1939 a, 83, figs. 24-25 (syn. 7’. laeve Verrill of Linton, 1898, 509, 
pl. 40, figs. 7-8—where Linton provisionally, only, ascribes to this sp., his 
specimens from Gymnosarda pelamys from Martha’s Vineyard, Mass., U.S.A.— 
syn. 7’. laeve of Linton, 1901, 414, 445). Price distinguishes this sp. by the 
[‘‘ open ’’] heptagon in the centre of the haptor. The description and figs. 
of O. laevis of Linton, 1940, are not of C. linton. Fig. 184 shows what 
appears to be a “closed” heptagon, and the ratio of the anterior suckers to the 
_ haptor, which seems to agree with that for C. laevis; the markedly constricted 
E 2R2 


300 | NORA G. SPROSTON : 


pharynx and the absence of papillae on both dorsal and ventral surfaces. 
The proportional sizes of the suckers differ in C. laevis Ant. : Post.=1: 1-5; 
in C. lintont=1 : 2-6. 

C. maccallumi Price, 1939. 

Price, 1939 a, 81-82, figs. 22-23 : on the gills of Huthynnus alletteratus (Raf.) 
from Woods Hole, Mass., U.S.A. The dorsal surface is smooth, anterior 
suckers 350 and haptor 900. Ventral surface of haptor bears prominent 
conical papillae, the sp. thus resembling O. onchidiocotyle Setti, with which 
it may possibly be identical. The main characteristic is that the free tips 
of the anchors are hooked and not straight or curved. (Figs. 55 d-e herein.) 

C. magronum (Ishii, 1936) Price, 1938 ; emend. 

Ishii, 1936, 781, fig. 1: (as T'ristoma magronum—also as T'. magnronum, 
misprint) on Thynnus orientalis from Japan; Ishii and Sawada, 1938, 
232-233—from the same host; Price, 19386, 412 (as Capsala magrona) ; 
1939 a, 79: syst.—idem. Dr. Baylis points out that “‘ as magronum is not a 
Greek or Latin adjective, but presumably a Japanese word, it cannot be 
made to agree in gender with the generic name. It would probably be best 
to leave it as magronum ”’ (personal communication). 

C. megacotyle (v. Linstow, 1906) Johnston, 1929 ; emend. Price, 1938. 

von Linstow, 1906, 176, pl. 1, figs. 19-20: (as T'ristoma megacotyle) on the 
skin of Histiophorus sp. from Beruwala, Ceylon; Johnston, 1929, 76: as a 
valid sp. in gen. Capsala (as C. megacephala—which is obviously a lapsus 
for megacotyle); Guiart, 1938, 10: transf. to Tristomella Guiart; Price, 
1938 b, 412 (as Capsala megacotyle) ; 1939 a, 79—idem. 

C. molae (KE. Blanchard, 1847) Johnston, 1929. 

EK. Blanchard, 1847, 326-327: (as T'ristoma m.) on Orthagoriscus mola ;— 
for other refs. see Stiles & Hassall, 1908, 377 ;—reported by Braun, 1890, 
from Mola mola from the Mediterranean and from the Atlantic off the coasts 
of Britain; by Stafford, 1904 (May 3), 482, from Mola mola from Canada ; 
Par. & Per., 1889, 741, fig. 2 (spines in body wall): from Mola aspersa, from 
the Mediterranean; St. Remy, 1891, 456; 1892, 3-12 pl. 1, figs. 1-7: (as 
Tristomum m.) anat. of genital syst.; also implicitly as Capsala molae—he states 
that it is syn. of T'ristoma coccineum of Rud., and quotes other syns. of 
C.martinieri, hence, he impliesit is a syn. of thegenotype ; Southern, 1912, 18: 
(as 7’. molae Bl.) from W. Ireland; Fuhrmann, 1928, 10, fig. 13 (nervous 
syst.) (as T'’ristoma molae) ; Price, 1936, 11: statement that C. molae Blanch. 
is a syn. of C. martiniert Bosc ; [however, Johnston, 1929, 76, considered it 
to be a distinct species from the genotype and “ apparently=C. cephala 
Risso]; Price, 1938 6, 412: syst.; 1939 a, 79: taxonomy of C. molae and 
C. martiniert ; concludes that their synonymy is fairly well established ; Guiart, 
1938, 13: not only recognises C. molae as distinct from C. martinieri, but 
removes it, as the genotype, to Tricotyla Guiart (nec 7’. molae of v. Ben. & 
Hesse, 1863, nec of Tasch., 1880 (partim), nec 7’. cephala of Nicoll, 1915) ; 
Linton, 1940, 9, pl. 15, figs. 180-183: (as Capsala molae Blanchard) on Mola — 
mola from Atlantic coast of N. America: short descr. and table of measure- 
ments (gives the following syns. from his own descriptions of specimens 
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from Mola mola from Woods Hole, U.S.A.: Tristomum rudolphianum of 
Linton, 1898, 510, and of Linton, 1900, 281; 7. molae of Linton, 1901, 
466); [There is some possibility that Linton’s (1940) specimens are distinct 
from those examined by Price and identified as C. martinieri Bosc (syn. 
C. molae Bl.), one reason being that the dorsal spines of Linton’s worms 
are bicuspid (fig. 183), whereas Price states those of C. martinieri are uni- 
cuspid]; Crofton, 1941, 209-210: (as T'ristomum molae Bl.) short descr. of 
external characters of worms on Mola mola from the North Sea. He states 
that the haptoral heptagon has one side (that anteriorly placed) usually 
shifted towards the periphery of the haptor, the whole haptor varying in 
orientation, in amounts up to 60 deg., to the right or left: insufficient detail 
regarding Crofton’s specimens makes it impossible to compare them with 
other descriptions of this sp. and of the genotype. Until they can be re- 
examined they must be regarded as sp. inquirenda. 
0. nozawae (Goto, 1894) Price, 1938. 

Goto, 1894, 249-251, pl. 25, figs. 1-3: (as Tristomum n.) on the fin of 
Thynnus sibi from Osatsube, Hokkaido, Japan; St. Remy, 1898, 538-539 
(as TJ’. nozawar)—syn.; Setti, 1899, 80, 84 (as 7’. nozawai—syn.); Price, 
1938 6, 412 (as Capsala nozawae); 1939 a, 79—idem; Baylis, 1939, 474: 
(uncertainly identified as this sp.) on 7’. thynnus from North Sea. 

C. onchidiocotyle (Setti, 1899) Price, 1938. 

Setti, 1899, 121-123, fig. 3: (as T'ristoma o.) on “‘ Tonno ” from Portoferraio, 
Italy ; Parona, 1902, 3: (as Tristoma o.) on Thynnus thynnus from Elba ; 
Guiart, 1938, 10 (as T'ristomella 0.); Price, 1938 b, 412 (as Capsala o.); 1939 a, 
79—idem—probably identical with C. maccallumi, q. v. 

C. ovalis (Goto, 1894) Price, 1938 ; emend. 

Goto, 1894, 241-244, pl. 23, figs. 1-8, pl. 24, figs. 1-5: (as T'ristomum ovale) 
in the mouth cavity of Huistiophorus orientalis, H. sp., and another 
undetermined species, probably of Cybiwm, from Misaki, Japan; Goto, 
1899, 271 (as syn. of [Capsala] laeve var. inermis Goto, a total absence of 
dorsal spines being the chief difference from C. laevis) ; Setti, 1899, 79, 83: 
(as T'ristoma o.); independently of Goto, considers this sp. as a syn. of 
T. laeve; Fuhrmann, 1928, 15 (as Tristomum ovale); Price, 1938 6, 411: 
(as Capsala ovale); considers that the varietal differences are specific in 
rank, and reinstates it as distinct from Capsala laevis; Price, 1939 a, 
79 (as C. ovale (Goto, 1894) Price, 1938). Dr. Baylis (personal communication) 
points out that for grammatical agreement the specific name should be 

, emended to ovalis. 
C. pelamydis (Taschenberg, 1878) Price, 1938. 

Tasch., 1878 a, 176; 1878 6, 569,570: (as T'ristoma p.) on Pelamys sarda 
from Naples; Par. & Per., 1890 (Jan.), 16-18, pl. 1, figs. 1-2, pl. 2, fig. 3 
(whole worm and genitalia figured) (as Tristoma p.)—pharynx shown as 
unconstricted. [If this is correct, it is not in agreement with the gen. 
diagnosis.] Monticelli, 1891, 101, 105, 116, 123, pl. 6, fig. 20 (as T'ristoma p.) ; 
Guiart, 1938, 18 (as T'ricotyla p.); Price, 1938, 412 (as Capsala p.); 1939, 

79—idem. 


, 
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C. poeyt (Vigueras, 1935) Price, 1938. 

Vigueras, 1935, 43-44, figs. 1-3: (as T'ristoma p.) on the skin of Makara 
ampla Poey from Cuba; Price, 1938 6, 411-412, pl. 2, figs. 8-10: redescr. 
from co-type material, and placed in Capsala, sensu Price; 1939 a, 79 (as 
Capsala /.). 

C. squali (EK. Blanchard, 1847) Price, 1938. 

E. Blanchard, 1847, 327-328: (as T'ristoma s.) on Squalus sp. from New 
Zealand ; Diesing, 1850, 430: renames this sp. as 7’. blanchardi [syn.]; 
Price, 1938 b, 413: recognises that sp. comes within the gen. Capsala, sensu 
Price, but insufficient description renders it a sp. ing.; 1939 a, 79—idem ; 
Guiart, 1938, 7: accepts sp. as valid in the gen. Capsala, sensu Guiart. 

C. thynni (Guiart, 1938), n. comb. 

Guiart, 1938, 16, pl. 1, fig. 12: (as Tricotyla t.) on the gills of Thynnus 
albacora, caught off the mouth of the River Loire, in the open Atlantic ; 
transferred, provisionally, to the gen. Capsala herein. 

Capsaloides Price, 1938. 

Price, 1936, 11: name of gen. mentioned, but misprinted as Calsaloides 
[syn.]; 19386, 412: syst. position shown in key, but not defined (syns. 
Capsala Bosc, partim ; Tristoma auctorum, partim); 1939 a, 88: definition. 

Generic diagnosis.—Capsalinae with distal rays of haptor bifid distally 
and anchors with claw-like tips. Dorsal marginal spines present, crown-like, 
in a single longitudinal row. Pharynx without a constriction. Testes 
confined to the region medial to the intestinal crura—forming a “‘W’’-shaped 
aggregate. 

Type species.—Capsaloides cornutus (Verrill, 1875) Price, 1938. 

C. cornutus (Verrill, 1875) Price, 1938 : emend. 

Verrill, 1875, 40: (as Tristoma cornutum) on Tetrapterus albidus from 
Block Island, N. America; Johnston, 1929, 76 (as Capsala cornuta) ; Price, 
1938 6, 413 (as Capsaloides cornutum—type of gen.); Price, 1939 a, 88— 
wdem. Dr. Baylis (personal communication) makes the following observation : 
“ Capsaloides might be regarded as either masculine or feminine, but not 
neuter. The termination ‘ -oides’ is usually treated as masculine.” Hence 
C. cornutus. (Figs. 56 a-c herein.) 

C. megaspinosus Price, 1939. 

Price, 1939 a, 90-91, figs. 40-43: in the nares of Tetrapterus imperator 

(Bloch & Schneider) from Woods Hole, Mass., U.S.A. 
C. perugiai (Setti, 1898) Price, 1938. 

Setti, 1898, 308-313, fig. 1: (as T'ristoma p.) on Tetrapterus belones from 
Spiza, Mediterranean ; Price, 1938 b, 413: as Capsaloides perugiai—a valid 
sp.; 1939, a, 88—idem. 

C. sinuatus (Goto, 1894) Price, 1938 ; emend. 

Goto, 1894, 239-241, pl. 20, figs. 1-10, pl. 21, figs. 1-8, pl. 22, figs. 1-6: 
(as T'ristomum sinuatum) on the inner side of the gill plates of Histiophorus sp. 
from Misaki, Japan; Guiart, 1938, 8 (as Capsala sinuatum): suggests that 
it may belong to a genus separate from Capsala owing to the bifurcation of 
the posterior haptoral rays, but no genus is named; Price, 19386, 413, 
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and 19394, 88: as Capsaloides sinwatum—in ignorance of the work by 
Guiart. Dr. Baylis (vide supra) advises emendation of the specific name 
to its masculine form: C. sinuatus. 

Tristoma, Cuvier, 1817 (sensu stricto Price, 1938). 

Cuv., 1817, 42-43: monotypic, with 7’. coccinewm; Johnston, 1929, 
studies the taxonomy of Z'ristoma and Capsala and relegates all species of 
the former gen. to Capsala Bosc, 1811; Guiart, 1938, 6-7: retains both 
Tristoma and Capsala, in new restricted senses, adding T'ricotyla and Tristo- 
mella as new; Tristoma Cuv., sensu Guiart, is characterized by the absence 
of a distinct notch on the hind edge of the body and by the heptagon in the 


Figures 56 a-c. 


a-c: Capsaloides cornutus—a, Complete worm, ventral view ; 6, Dorsal marginal spine ; 
c, Anchors (after Price). 


centre of the haptor being “ open ’”’—type sp. 7. coccinewm Cuv.; Price, 
1938 b, 412, 413: employed (in key) in restricted sense, but not defined ; 
; 1939 a, 84: defined in restricted sense. 

Generic diagnosis.—Capsalinae in which the posterior haptoral rays are not 
bifid, and the pharynx not constricted ; anchors, when present, without 
claw-like tips; dorsal marginal spines, when present, in numerous. short 

, transverse rows of similar or dissimilar spines. Testes confined to the area 
between the intestinal crura. 

Type species.—T ristoma coccineum Cuvier, 1817. 

T. coccineum Cuvier, 1817. 

Cuv., 1817, 42-43, pl. 15, fig. 10, pl. 36 bis, figs. 1-3: on ‘“‘la mole” “‘le 
xiphias,” etc.; E. Blanchard, 1847, 322-325, pl. 14, fig. 2; Diesing, 1850, 
429, defined: “Corpus planum late obovatum, postice haud emarginatum, 
peripheria ventrali papillosa. Bothria suborbicularia antica. Acetubulum 
limbo membranaceo. Longit. 1—7 [lines], lat. ad. 8 [lines]’’ (syns. Capsala coccinea 
Blainv., Moquin-Tandon ; 7’. integrum Dies., 1859 (in MS.), on Xziphias 
gladius. [For refs. prior to 1908, see Stiles & Hassall. In the literature 

there is much confusion and mis-identification, owing to the similarity to 
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Capsala spp.]; T'. coccineum Cuv. (nec of Dies., 1836 a, 11, pl. 1, figs. 1-12 

1836 6, 85, pl. 1, figs. 1-13; nec of Rud., 1819, 123, 428, pl. 1, figs. 7-8 

nec of Bremser, 1824, 134, pl. 10, figs. 12-13; nec of Yarrell (Brit. Fishes, 
2nd edn.), p. 468; nec of Cuv., 1817 (partim), pl. 36, figs. 2-3—all of which 
have been shown to be identical with 7’. rudolphianum Dies., 1850 [=Capsala 
martiniert Bosc]); Nigrelli, 1938, 1: separates this sp. from 7’. papillosum 
—with which it is sometimes united in the lit.—on the gills of Xiphias 
gladius from N. America; Price, 1936, 12: as identical with 7’. papillosum 
Dies., 1850—prelim. note; 1938 6, 413 (syn. 7’. papillosum Dies., 1836, non 
T. coccineum auct. which=7'. integrum Dies., 1850—q. v.); 1939 a, 84-85, 
figs. 29-32: (syn. Capsala papillosa (Dies.) of Nordmann, in Lamarck, 1840), 
on Xiphias gladius and Sphyrna zygaena from Woods Hole, Mass., U.S.A. ; 
Guiart, 1938, 7,—as distinct from 7’. papillosum Dies., 1836; Linton, 1940, 
6-9: separates 7’. papillosum from T’. coccinewm Cuv. (nec of Linton, 
1898; nec of Linton, 1900; nec of Linton, 1901; mec of Linton, 1911 
[=T7. papillosum]); 8-9, pl. 14, figs. 175-179: distinguished from papillosum 
by the complete absence of dorsal papillae, and by the more regular 


Figures 57 a-a. 


a-c: Tristoma coccinewm—a, Complete worm, ventral view ; b, Four types of dorsal marginal spines ; 
c, Anchor. d: 7’. integrum—A dorsal marginal spine (after Price). 


character and arrangement of the dorsal spines—short, about 5-dentate spines 
arranged in compact series of about 300 rows (on each margin), of about 
4 spines in each—the “accessory spine-like, hook-bearing structure ”’ 
mentioned and figured by Linton (p. 9, figs. 175, 176), occurring on the right 
margin of one specimen, appears to be a foreign fragment attached to the 
specimen—probably a fragment from the gill-chamber of the host fish. 
(Figs. 57 a-c herein.) 


¢ 


ee 


; 
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T. integrum Diesing, 1850. 


Dies., 1850, 429 (apparently a MS. name, as syn. of 7’. coccineum Cuv.) : 
Price, 1936, 12: revives the species name of Dies. for 7’. coccinewm auct. ; 1938 b, 
413; 1939 a, 86, 88, figs. 33-35: in separating this sp. from 7’. coccineum Cuv., 
s. 8., the taxonomy of the oldest synonym, 7’. integrum Dies., is reviewed and 
new specific criteria are applied to it including the presence of more than 
300 dorsal spines of similar form [In some ways this sp. appears to come 
very near to Linton’s concept of 7’. coccineum Cuv. (Linton, 1940—vide supra)] 
—on the gills of Xiphias gladius; syns.: T'. cocconeum Cuv., 1817 partim, 
of Taschenberg, 1879, and subsequent authors; 7’. rotundwm Goto (1894, 
245-248, pl. 24, figs. 6-9, on the gills of X gladius, from Misaki, Japan). 
(Fig. 57d herein—copied from Price, 1939. The compound spine shown is 
evidently derived from the fusion of the separate spines of similar form 
figured by Linton (1940, fig. 177) for 7’. coccineum). The validity of Tristoma 
spp. is in great need of revision. 


T. levinsenit Monticelli, 1891. 


Montic., 1891, 101, 122, 123, pl. 6, fig. 21: on Thynnus sp. from the 
Mediterranean ; Setti, 1889, 311, 312; 1899, 120-121, fig. 2 (as Tristonum 
levinsent ; Guiart, 1938, 8 (as Capsala 1.) ; Price, 1938 b, 413: as a valid sp. 
of Tristoma; 1939 a, 86—idem. 


T.. papillosum Diesing, 1836. 


Dies., 1836, 313-316, pl. 17, figs. 13-18: (as Z'ristoma p.) on Xiphias gladius ; 
Dies., 1850, 430 (as T'ristomum p.), defined: “‘ Corpus depressum panduraeforme 
retrorsum dilatatum emarginatum, supra papillis et aculeis brevissimis seriatis 
obsessum. Caput subquadratum postice utrinque tentaculatum. Bothria 
marginalia antrorsum directa, hemispherica. Longit. corporis 7 [lines], lat. 4 
[lines], longit. capitis 3 [lines] ’-—on Orthagoriscus mola from Naples, Tetrapterus 
belones from Messina, and X. gladius from Panormi; Koelliker, 1846, 469 ; 
1847 a, 469; 1849, 21-27, pl. 1, figs. 14: anatomy; Montic., 1891, 99, 
101, 102, 103, 105, 110, 113, 114, 116, 119, 123, 124, pl. 5, figs. 1-3; 
Vlassenko, 1928, 236, 237, 239, 240, 242: comp. anat., cf. with [Aviella] 
baikalensis ; Nigrelli, 1938, 1: on X! gladius: no figs. or description, but 
considers that it is quite distinct from 7’. coccinewm ; Guiart, 1938, 7: occur- 
ring with 7’. coccineum on the same host fish, but quite distinct species ; 
Price, 1936, 12; 19386, 413; 1939 a, 86—all as a syn. of 7’. coccineum ; 
Linton, 1940, 6-8, pl. 14, figs. 170-174: on the gills of X. gladius 
from N. America; considered as separate from 7’. cocconeum, the chief 
character being the presence of dorsal papillae and the arrangement of the 
dorsal spines—these are figured as of several kinds, having several teeth 


or only one, but all much more slender than those figured by Linton or 


by Price for 7’. coccineum ; measurements of six specimens are given, and 
the following syns.: 7’. coccinewm Cuv. of Linton, 1898, 509, 510, pl. 40, fig. 9; 
of Linton, 1900, 278; of Linton, 1901, 448; of Linton, 1911, 585. 


T. uncinatum Monticelli, 1889. 


Montic., 1889, 117-118, pl. 4, figs. 1-7: on ?Plewronectes sp. from Leuckart’s 
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collection; Braun, 1890, 487, 497, 529, 547, 551: on Hzppoglossus sp. ; 
Sprehn, 1933, 25—cited as 7’. wncinatum; Price, 1938 6, 413 ; 1939 a, 86: 
as a valid sp. of T'ristoma. 

[T. fuhrmanni Guiart, 1938 (?)] 

Guiart, 1938, 6: cited as the third species of the gen. T’ristoma as defined 
by Guiart, but no description or figure was given, and the name is a nomen 
nudum; it is possible that Guiart intended to use this name for the 
“ Tristomum sp.” from Raja sp. figured by Fuhrmann (1928, 1, fig. 1), but not 
described by him. The figure is from the ventral side and the dorsal spines, 
if any, are not shown, though there is no doubt that it conforms to the 
diagnosis of the gen. 7'ristoma, as here defined. Owing to the lack of necessary 
details Fuhrmann’s species remains sp. inq. 


TROCHOPODINAE Price, 1936, emend. 

Price, 1936, 11: ‘‘ Trochopinae has been proposed as a new subfamily in 
the Capsalidae for Trochopus Diesing and Macrophyllida Johnston, and 
Megacotyle [sic] Folda has been suppressed as a synonym of T'rochopus” ; Price, 
1939 a, 76-77: on re-examination of the large number of species of T'rochopus 
sensu lato, finds that they do fall into two groups, and therefore reinstates the 
gen. Megalocotyle Folda, 1928. Emend. diagnosis and key to genera, adopted 
below. Dr. Baylis (personal communication) points out that the correct subfam. 
name Greek—pous, a foot, gen. podos) becomes Trochopodinae. 

Subfamily diagnosis.—Capsalidae in which the haptor is subsessile, with its 
ventral surface divided into a central and a number of marginal areas by septa, 
usually bearing three pairs of anchors and 14 marginal hooklets. Anterior 
adhesive apparatus in the form of paired suckers or glandular areas. ‘Two testes. 

Type genus: Trochopus Dies., 1850. 


Key to the Genera of the Subfamily Trochopodinae. 


1. Paired glandular areas present on anterior end ...........26c.eeeeeeeeeeess . Macrophyllida. 
Paired suckers present on‘anterior end i... ...\ 65 sdb dein nse oie oles eld we me 2. 
2.. Héptor with lO Taya oo... ss i.csk oh wis'e e's Meienlty epee ee manne ees Trochopus. 
Haptor with 6-7 rays f:0:..< ic cins.0s 0 es auld eae ey Seas ee eee Megalocotyle. 


Trochopus Diesing, 1850, sensu Price, 1939. 

Dies., 1850, 290, 428: created in distinction from T'ristoma, Trochopus having 
9 radiating septa on the haptor and T'ristoma only 7 (syns. Capsala Nordm., 
Tristoma Dies. (sic)); Dies., 1858, 365: re-definition, separating it from 
Tristoma Cuv.—chiefly on the ground of the pedunculated haptor ; v. Ben. & 
Hesse, 1863, 65, 66, 71-74: (as Placunella) ; Montic., 1888 a, 7, 10, 11, 13, 
52, 66, 86, 87, 97; 1892 g, 105, 107, 111, 124, 125; 1892 (Oct. 7), 213: asa 
gen. in Tristominae; 1899, 98; 1903, 335: as identical with Placunella 
v. Ben. & Hesse) ; Th. Scott, 1901, 143: separates Placunella (haptor with a 
tendency to separate into 3 lobes—2 lateral and 1 median) and Trochopus . 
(no such tendency—haptor circular); Massa, 1903, 252-255; 1906, 42-7] 
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4 (syn. Placunella v. B. & H.); Stiles & Hassall, 1908, 379: full refs. 

| Fuhrmann, 1928, 7,10: comp. anat.; Price, 1936, 11: prelim. note—sensu 

; lato (syn. Megacotyle Folda (sic)) in subfam. Trochopinae; 1939 a, 77: 
reinstates Megalocotyle ; emend. diagnosis and re-partition of T'rochopus spp. 
according to the number of haptoral septa; Brinkmann, 1940, 61,76: syst. ; 
accepts J'rochopus Dies. and Megalocotyle Folda as distinct. 
_ Generic diagnosis.—Trochopodinae with a subsessile haptor divided on its 
ventral side into central and peripheral loculi, of more or less unequal size, 
by ten radial septa—subsidiary septa may also be present; three unequal 


Figures 58 a-c. 
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a-c: Megalocotyle |?Trochopus] squatinae—a, Complete worm, ventral view ; 6, Small anchors ; 
c, Large anchor (after Price). 


anchors occur, in linear series, on each of the two main posterior septa ; and 
there is a membranous, crenulated margin to the haptor, just external to 
the insertion of the 14 marginal hooklets. Anterior end provided with a 
pair of sucking discs which may be united pre-orally by a dorsal hood. Four 
eyes present. Intestinal crura branched. Testes, two, subequal and opposite, 
: in the middle third of the body. Vagina long and opening on the left margin, 
near to the common genital pore, at the level of the eyes. Cirrus pouch 
curved, its base to the right of the median line. 
Type species: Trochopus tubiporus (Dies., 1836) v. Ben. & Hesse, 1863. 

T. tubiporus (Diesing, 1836) van Beneden & Hesse, 1863. 
Dies., 1836, 14-15, pl. 1, figs. 14-16: (as Tristoma tubiporum): on the gills of 
Trigla hirundo; Nordmann, in Lamarck, 1840, 602 (as Capsala tubipora (Dies.)); 
d _ Dies., 1850, 428: re-named (as T'rochopus longipes—the type of Trochopus) ; 
1858 e, 365: mentioned as T'rochopus l.; v. Ben. & Hesse, 1863, 66, 75-76, 
pl. 6, figs. 8-13: (as T'rochopus tubiporus—syn. T. longipes Dies., 1850) on 
Trigla hirundo from the Belgian coast; Monticelli, 1888, 66; 1892 g, 104, 
124, pl. 5, fig. 11, pl. 6, figs. 12-16: (as T'rochopus t.) on the gills of Cantharus 
lineatus from the Mediterranean ; Sonsino, 1891 h, 260, 261. (as T'rochopus t.) 
re-examination of specimens from T'rigla cuculus showed 10 haptoral rays 
and two pairs of anchors in addition to one small pair on or near the 
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centre of the disc; Massa, 1903, 253, 254: on Trigla hirundo; 1906, 
44, 46, 53-55: (56, 57-——non 7. tubiporus of Sons., 1901, 200 [=7'. pint v. 
B. & H.]; 62—non of Sons., 1901, 260 [=T7'. heteracanthus Massa) ; 
anat.—60, 65, 66, pl. 2, figs. 18, 19, 20, pl. 3, fig. 34; Th. Scott, 1901, 345 
(as Trochopus t.); A. Scott, 1901, 143: on the gills of T'rigla hirundo 
from Britain (Irish Sea); Sprehn, 1933, 25 (citation includes misquotation 
of a syn. as “7. longites Dies. 1840”); fig. 3 (haptor—original); worm 
8 mm. long. 
T. brauni Mola, 1912. 

Mola, 1912, 491-504 (with inadequate figure): brief description—anterior 
suckers 0:3 mm. diam., haptor 0-85 mm. diam., with marginal membrane 
and 10 septa, Ist anchors 170, 2nd 110u and 3rd 70 long. No eggs found.— 
on Cottus gobio from the Mediterranean. 

T. differens Sonsino, 1891. 

Sons., 1891, 261 : on Cantharus lineatus from the Mediterranean ; St. Remy, 
1892, 228: points out that this sp. is very similar to 7’. tubiporus—differing 
only in the size and shape of the anchors; Massa, 1903, 255: on Cantharus 
lineatus from the Mediterranean; 1906, 44, 46, 53, 60-61, 65, pl. 2, figs. 
24-26: a possible syn. of 7’. longipes of Sons., 1890. 

T’. diplacanthus Massa, 1903. 

Massa, 1903, 254: on T'rigla hirundo ; 1906, 45, 46, 53, 56, 64, 65, 66, pl. 2, 
figs. 3-4, pl. 3, fig. 33 (syn. Placunella pini of A. Scott, 1901, 344-345, fig. 1— 
on 7’. hirundo from the Irish Sea) ; Sprehn, 1933, 25 (citation). 

T. gaillumhe Little, 1929. 

Little, 1929 a, 22-30: host record—on gills of “ Trigla hirundo or T. 
lucerna,”” caught off the west of Ireland; 1929c, 107-119, text-figs. 1-10, 
pl. 9, figs. 1-3, pl. 10, figs. 4-8, pl. 11, figs. 9-14: anat. of previously recorded 
specimens ; Sprehn, 1933, 25 (citation); Price, 1939a, 77: as valid sp. of 
Trochopus, 8. 8. 

T. gonvistit Yamaguti, 1940. 

Yam., 1940, 46-47, figs. 8-9: on the gills of Gonistius zonatus (Cuv. & Val.) 
from the Pacific. 

T'. heteracanthus Massa, 1903, emend Massa, 1906. 

Massa, 1903, 252, 254: as (7. heterachanthus) on Trigla corax from the 
Mediterranean ; 1906, 66: (as 7’. heteracanthus), 48, 51, 53, 57, 62, pl. 2, 
figs. 8-11, pl. 3, figs. 27, 31-41: (syns. 7. tubiporus of Sons., 1891—partim 
(p. 260)) on 7’. corax from Naples. 

T. lineatus Th. Scott, 1901. , 

Th. Scott, 1901, 143-144, pl. 8, fig. 18: on the gills of Trigla lineata from 
the Firth of Clyde, Scotland; 1905, 118: from same host from Scotland ;. 
Massa, 1908, 245; 1906, 45, 46, 52, 61, pl. 2, figs. 5-7, pl. 3, figs. 32, 35: on 
the gills of 7’. lineata from Scotland; Sprehn, 1933, 25 (citation). 

T. micracanthus Massa, 1903. 


Massa, 1903, 255, on Trigla hirundo (as T. mirachanthus and T’. micracanthus) ; 


1906, 46, 53, 56, 63, 65, 66, pl. 2, figs. 21-23, on 7’. hirundo from Genoa 
as 7’. micracanthus and T. microcanthus): Sprehn. 19338. 25 (citation a» 
T. macracanthus). 
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T. onchacanthus Massa, 1906. 

Massa, 1906, 44, 46, 53, 65-66, pl. 2, figs. 12-14, pl. 3, fig. 30: from an 
unknown host from Trieste. 

T. pint (v. Ben. & Hesse, 1863) Massa, 1903. 

v. Ben. & Hesse, 1863, 72—73, pl. 5, figs. 9-18: (as Placunella pint) on Trigla 
pint from Belgium ; Massa, 1903, 254 (as T'rochopus p.—non Placunella pini 
of A. Scott, 1901, 344 [=7'. diplacanthus]) ; 1906, 46, 53, 55, 56-58, 63, 65, 
66, pl. 2, fig. 2: (syns. Placunella p. v. Ben. & Hesse; Tristoma p., of Tasch. ; 
Trochopus tubiporus of Sons., 1901, 200—partim) on the gills of 7. pini, 
T. corax, T’. hirundo, from Naples ; Sprehn, 1933, 25 (citation as Placunella p.). 

T. helicolens (Woolcock, 1936) Price, 1939. 

Woolcock, 1936, 80-82, pl. 3, fig. 1: (as Megalocotyle h.) on the gills of 
Helicolenus percoides from Port Phillip Bay, Australia; Price, 1939 a, 77: 
removes sp. to T'rochopus, s. s., emend. Price. 

Megalocotyle Folda, 1928. 

Folda, 1928, 195-206; Price, 1936, 11: makes this gen. syn. of 
Trochopus Dies. (as Megacotyle) ; 1939 a, 77: reinstates Megalocotyle Folda, 
with emend. diagnosis; Brinkmann, 1940, 60.61: discussion on relation- 
ships to T'rochopus Dies. ; and, in ignorance of the work of Price, concludes 
that they are distinct, though clearly related genera. It appears very doubtful 
if these genera can be clearly separated, because the number of radial septa 
on the haptor is ambiguous owing to the branching of the “ main ”’ septa, 
and the presence of accessory septa growing inwards from the periphery— 
e.g. in M. squatinae (see fig. 58 herein), which is a transitional species in 
respect of the septa pattern, and is regarded here doubtfully as belonging 
to Megalocotyle Folda, sensu Price, 1939. 

Generic diagnosis.—Trochopodinae very closely allied to Trochopus Dies., 
but having fewer than 10 (usually 7) radial septa on the ventral surface of 
the haptor. 

Type species: Megalocotyle marginata Folda, 1928. 

M. marginata Folda, 1928. 

Folda, 1928, 195-206, figs. 1-10: on the gills of Sebastodes nebulosus 
from Puget Sound, N. American Pacific; Price, 1936, 11: (as Tvrochopus: 
marginata) ; 1939 a, 77-78: (as the type of Megalocotyle Folda, sensu emend. 
Price); small correction regarding the first pair of anchors; Brinkmann, 1940, 
60: of. with Megalocotyle squatinae (MacCallum). (Figs. 59 a—-d herein.) 

M. rhombi (van Beneden & Hesse, 1863) Price, 1939. 
¢ v. Ben. & Hesse, 1863, 73-74, pl. 6, figs. 1-7: (as Placunella r.), on the gills 
of Rhombus maximus from Brest ; Massa, 1906, 45, 46, 53, 58-59, pl. 2, fig. 1: 
(as T'rochopus r.) (syns.: Placunella r. v. Ben. & Hesse, 1863; T'ristoma r. 
Taschenberg), on R. maximus from Brest ; Sprehn, 1933, 25 (cited as Placu- 
3 nella r.); Price, 1939 a, 77 (as Megalocotyle r.). 
M. [? Trochopus| squatinae (MacCallum, 1921) Price, 1939. 
MacCallum, 1921, 153-156, fig. 75: (as Acanthocotyle s.) on the gills of 
Squatina squatina from Singapore ; Price, 1936, 11: transferred to the genus 
Trochopus ; 1937 c, 26-27, figs. 10, C, D.: (as Trochopus s.) redescription and 
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correction of MacCallum’s interpretation of the genital system; 1939 a, 

77: transferred to the gen. Megalocotyle ; Brinkmann, 1940, 55, 58, 60: 

discussion of the systematics of MacCallum’s sp.; in ignorance of Price’s 

work (1936, 1937 c, 1939 a), concludes that its place is in Megalocotyle Folda ; 

Considered herein as very doubtful in the latter gen. (Figs. 58 a—c herein.) 
M. zschokkei Mola, 1912. 

Mola, 1912, 491-504, figs.: (as T'rochopus z.) on the gills of Cottus gobio | 
from the Mediterranean; Price, 1939 a, 77: transf. to Megalocotyle Folda, 
sensu Price. 

Macrophyllida Johnston, 1929. 
. Kent-Hughes, 1928, 48 (as Macrophylla); Johnston, 1929, 75: renamed 
Macrophyllida (syn. Macrophylla Kent-Hughes, nec Hope, 1837); discussion 


Figures 59 a-d. 


a-d : Megalocotyle marginata—a, Complete worm, ventral view; 6, Reproductive organs, dorsal 
view ; c, Eggs; d, Anchors on the left haptoral septum, ventral view (after Folda). 


of affinities with Tristoma ; 1930, 107: redescr. and comparative diagnosis— 
places it provisionally in Capsalinae; Price, 1936, 11: in subfam. Trochopinae. | 
Generic diagnosis——Trochopodinae in which suckers are absent from the — | 
anterior end, which is provided with a pair of fan-like glandular areas; the ) 
haptor is divided by 5 radial septa into a central loculus and five sub- 
triangular loculi, of which the posterior is the greatest and bears the anchors 
(the two posterior radii of typical Capsalids being virtually suppressed). 
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Two unequal testes more or less obliquely tandem. The intestinal crura 
are branched laterally, but not medially. Male, uterine and vaginal 
apertures open into a muscular genital atrium on the left margin at the 
level of the pharynx. 

Type species: Macrophyllida antarctica (Kent-Hughes, 1928) Johnston, 1929. 

M. antarctica (Kent-Hughes, 1928) Johnston, 1929. 

Kent-Hughes, 1928, 48-49, pl. 10, figs. 7-9: (as Macrophylla a.) on the 
gills of Mustelus antarcticus from Port Phillip Bay, Victoria, Australia ; 
Johnston, 1929, 75: (as Macrophyllida a.)—gen. name preoccupied ; 1930, 
101-107, figs. 1-4: redescribed. (Figs. 60 a-d herein.) 


Figures 60 a-d. 


} 
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a-d: Macrophyllida antarctica—a, Complete worm; 6, Anterior region; c, Genital pore showing 
cirrus, uterus and vagina, with lips of pore and musculature indicated ; d, Haptor (all dorsal 
views) (after Johnston). 


It appears that this species is transitional between Trochopodinae and Encotyllabinae, owing 


_to the gradual tapering of the body to the insertion of the haptor, but the intestinal crura are 


continued to.the haptor level, whereas in Hncotyllabe the elongated peduncle arises abruptly from 
the body and does not contain branches of the intestine. On the other hand, it may be related 
to Nitzschia, in which there is a complete loss of haptoral septa, and the anterior glandular areas 
are in two bothria-like folds. The three pairs of anchors, characteristic of Trochopodinae and 
Benedeniinae, are retained, but the reproductive organs are more like those of Monocotylids, and the 
slender intestinal crura and follicular testes recall the conditions in Capsalinae. The order in which 
these subfamilies are dealt with herein is an indication of their supposed relationship. 
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NITZSCHIINAE Johnston, 1931. 


Johnston, 1931, 96: creates a new subfam. for the gen. Nutzschia Baer, 
though no diagnosis is given other than some comparative remarks ; Price, 1939 a, 
75: syst. and definition. 

Subfamily diagnosis.—Capsalidae in which the anterior adhesive apparatus is in 
the form of two antero-lateral bothria into which cephalic glands open. Haptor 
a muscular disc surrounded by a well-developed marginal membrane, its ventral 
surface without septa, loculi or papillae, but armed with 3 pairs of anchors in 
linear series and 14 marginal hooklets. Genital aperture postpharyngeal and 
median or to the left. Testes numerous (up to 27 or more), confined to the 
area between the intestinal crura. Vagina present, short. Two pairs of eyes 
present. Parasites of Sturgeons. 

Type genus: Nitzschia Baer, 1826. 

Nitzschia Baer, 1826. 

Baer, 1826, 125; 18276, 675-676; (nec Niteschia of Denny, 1842—an 
insect ; nec of v. Ben., 1858 [—Hntobdella partim]; nec of Tasch., 1878 
[—Entobdella partim]; nec of Linton, 1898 [=Udonella]); (syns. Hirudo 
of Abild., 1794; Tristoma auctorum, partim ; Capsala of Nordmann, partum). 
Monticelli, 1903, 335: in Tristomidae, Ancyrocotylinae ; Liihe, 1909, 5; 
Furhmann, 1928, 6, 10, 20, fig. 30 d (plan of gen. system), 28: follows Montic. 
in syst. position; Johnston, 1929, 96: in Capsalidae, Nitzschiinae ; Price, 
1937c, 25: states that marginal hooklets are present in Nitzschia and in other 
genera of Capsalidae examined by him; 19394, 75: diagnosis (name of 
type species given as N. elegans Baer, 1826). 

Generic diagnosis.—Nitzschiinae with the characters of the subfamily. 

Type species: Nitzschia sturionis (Abild. 1794) Kroyer, 1852. 

N. sturionis (Abildgaard, 1794) Kroyer, 1852. 

Abildgaard, 1794, 55-56, pl. 6, figs. 1 a—-c (as Hirudo s.); Nitzsch, 1826, 
150-151: (as Tristoma elongatum) on the gills of Acipenser sturio (Europe) ; 
Baer, 1826, 125-126: n. nom. Notzschia elegans, for species of Abildgaard 
and Nitzsch ; Baer, 1827, 600-678, pl. 32, figs. 1-6 (as NV. elegans) ; Cuvier, 
1829-43, pl. 36, figs. 44a (as Tristoma sturionis); Nordm., in Lamarck, 
1840, 602 (as Capsala elongata); Creplin, in Wiedmann, 1846, 149: (as 
T. elongatum) on the gills of Acipenser guldenstaedtit (Europe) ; Diesing, 1850, 
426: (as N. elegans) records, in addition to above, from A. acutirostris from 
Scotland; Kroyer, 1852-1853, 777: (as N. sturionis) from A. sturio from 
Denmark ; Johnston, 1865, 34 (as N. elongata) ; Montic., 1892 g, 106, pl. 6, 
fig. 32 (as N. elongata)—non N. elongata of Montic., 1909 [=N. monticellit] ; 
Lithe, 1909, 5, fig. 1: (as N. sturionis) on the gills of A. sturio from Germany ; 
Wegener, 1910, 60: (as NV. elongata) on A. sturio from E. Prussia; Vlassenko, 
1928, 238, 242: (as N. elongata), comp. anat., cf. with [Aviella] baikalensis ; 
Furhmann, 1928, 23, fig. 32 d (egg) (as N. elongata); Johnston, 1929, 72: 
(as V. sturionis) review of taxonomy ; MacCallum, 1921, 190 (as N. elegans) : 
Sprehn, 1933, 24 (as N. elongata); Ivanov & Murygin, 1937, 262-263, 
fig 10: (as NV. sturionis) on the Volga sterlet, from the Volga; Dogiel, 1939, 
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56-58, 64: in considering prophylactic quarantine for imported fishes, cites 
the case of Nitzschia [sturionis| infesting Acipenser stellatus in the Caspian 
being transferred in breeder’s consignments of this fish into Aral Sea, where 
it established itself on the previously uninfested A. nudiventris. 


N. monticellii Price, 1939. 


Price, 1939 a, 75 (footnote): n. nom. for N. elongata of Monticelli, 1909; the 
n. sp. is erected chiefly on the basis of the inequality of the anchors in Monti- 
celli’s “forma giovane.” The anchors of N. sturionis (Abild.) are equal (or 
very nearly so) and: “as it has been the writer’s experience that the hooks 
of monogenetic trematodes do not exhibit material variation due to age, 
it seems reasonably certain that two species were represented in Monticelli’s 
material.” 


N. superba MacCallum, 1921. 


ad: 


MacCallum, 1921, 188-190, fig. 95: on the gills of Acipenser brevirostris 
from the New York Aquarium (originally from the Atlantic Coast); Price, 
1939 a, 75-76, figs. 5-6, 17: correction of original description of vitellaria 
to that of collecting ducts—chief diagnostic criterion found in the anchors, 


Figures 61 a-d. 


Nitzschia superba—a, Complete worm, ventral view ; 6, Anchor of first pair ; c, Anchor of second 
pair ; d, Anchor of third pair (after Price). 


which is considered to separate all the American specimens from the European 
N. sturionis; syns.: N. elegans of Linton, 1898, 508—on A. sturio from Woods 
Hole ; N. elongata of Linton, 1901, 408, 414, 435—on A. sturio from Woods 
Hole ; and probably JN. elegans of Verrill, 1875, who records specimens from 
A. oxyrhynchus from U.S.A. ; on gills of Acipenser brevirostris Le Sueur, 
A. sturio L., and A. oxyrhynchus Mitchill, from U.S.A. (N.Y. Aquarium, 
Woods Hole and Block Island), and from Canada (Gulf of St. Lawrence). 
(Figs. 61 a—-d herein.) 


ENCOTYLLABINAE Monticelli, 1892. 


Montic., 1892 (Oct. 7), 213: as subfam. of Tristomidae (syn. Encotyllabidae 
Montic., 1888, 87, 88, 97—also as Encotyillabidae) ; Price, 1939 a, places the 


gen. in Benedeniinae and tacitly suppresses the corresponding subfam., as have 
VOL. Xxv.—PaRT Iv. No. 17.—1946. (20 
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also most other authors. It is reinstated here on account of Encotyllabe 
differing so markedly from other Benedeniinae, which are closely related inter se. 

Subfamily diagnosis.—Capsalidae in which the anterior adhesive apparatus is in 
the form of a pair of frilled lobes on either side of the cephalic lobe, and having 
a well-developed muscular sucker at the base of each. The haptor is bell-like, 
on the end of a muscular peduncle which arises abruptly from the ventral 
surface of the body, just anterior to its hind margin ; there isa plicated marginal 
membrane and one pair of very large broad anchors and one additional pair, 
only, of minute anchors—in addition, the 14 marginal hooklets are probably always 
present. The lateral areas of the elongated oval body tend to become folded 
ventrally. Genitalia as in Benedeniinae, though the vagina is very short and 
opens near the middle of the ventral surface, as in Nitzachimne; 

Type genus: Hncotyllabe Diesing, 1850. 
Encotyllabe Dies., 1850. 

Dies., 1850, 290, 427-428 ; 1858 e, 313, 364 (syn. Tristoma of Taschenberg, 
1878) ; Monticelli, 1907, 23-35; Furhmann, 1928, 15 (genital syst.) ; 28 
(syst.), in Tristomidae, Ancyrocotylinae; Price, 1937c, 25: notes the 
presence of marginal hooklets in all specimens of this genus examined by 
him ; 1939 a, 73: definition (in Benedeniinae). 

Generic diagnosis.—Encotyllabinae, with the characters of the subfamily. 

Type species: Encotyllabe nordmanni Dies., 1850. 

E. nordmanni Diesing, 1850. 

Dies., 1850, 428 (syn. Tristoma excavatum Neanee in litteris—{as this 
name was unaccompanied by any published description it is a nomen 
nudum, and Diesing’s name is the valid one]—in the pharynx of Brama 
rayi; Dies., 1858 a, 70, pl. 1, figs. 10-14; 1858 e, 364 (syst.); Fuhrmann, 
1928, 6, fig. 6; Sprehn, 1933, 24, fig. 2 (Fuhrmann’s figure inverted) ; Price, 
1939 a, 73: records from Brama rayit, B. mediterranea, and Heliastes chromis. 

E. lintonii Monticelli, 1909. 

Montic., 1909, 86-88, figs. 1-3: n. nom. pro. Hncotyllabe sp. of Linton, 1907, 
103, pl. 7, figs. 49-53, on the gills of Calamus calamus, from Bermuda ; 
Meserve, 1938, 41: syst. (as H. lintont); Price, 1939 a, 73-74, figs. 7, 16: 
redescr. and points out errors in Monticelli’s account, and that his fig. of 
“ventral view ” is in reality a dorsal view. (Fig. 62 6 herein.) 

E. masu Ishii & Sawada, 1938. 

Ishii & Sawada, 1938, 239-249, 1 fig. (similar to #. spari, except for the 
difference in the form of the vitelline duct, follicles, cirrus-sac, route of vas 
deferens, etc.), on the gills of Oncorhynchus masou from J apan. 

E. pagellt van Beneden & Hesse, 1863. 

v. Ben. & Hesse, 1863, 80-81, pl. 7, figs. 1-11: on Pagellus centrodontus 
from the Belgian Coast (figured with fleur-de-lys-like eggs) ; (syn. T'’ristoma p. 
of Taschenberg, 1878); Little, 1929 a, 22-30: recorded in the mouth of 
Sparus centrodontus; caught off the west Coast of Ireland ; Sprehn, 1933, 24. 

E. pagrosomi MacCallum, 1917. 


MacCallum, 1917, 50-53, fig.: in the mouth and throat of Pagrosomus 
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auratus (Houttuyn) from Australia; Price, 1937 c, 25, figs. LA & B: re- 

description of the co-types, and correction of MacCallum’s interpretation— 

proves the presence of the 14 marginal hooklets; Meserve, 1938, 41-42, 

pl. 5, figs. 10-12: on Caulolatilus sp. from James Island, Galapagos Islands. 
E. paronae Monticelli, 1907. 

Montic., 1907, 3, 4, 6, 7, 9, 10, pl. 10, figs. 13-15: a renaming of 
Encotyllabe sp. of Parona & Perugia, 1890, 6 (no definition or figure was given), 
on Crenilabrus pavo from Genoa. 

E. spart Yamaguti, 1934. 

Yam., 1934, 265-267, fig. 7: on the gills of Sparus macrocephalus (type 
host), Plectorhynchus pictus, and Epinephelus akaara from the Inland Sea, 
Japan; Price, 1939 a, 74: considers this to be a syn. of H#. lintoni, but 
because only a single specimen of the latter sp. was available he retains 
Yamaguti’s species provisionally. (Fig. 62a herein.) 


Figures 62 a-b. 
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a: Encotyllabe spari—Complete worm, ventral view—note vaginal opening on left of median line 
between vitelline reservoir and ovary (after Yamaguti) ; b: Z. lintonti—Large and small anchors 
(after Price). 


E. vallei Monticelli, 1907. 
Monticelli, 1907, 3, 4, 6, 7, 10-11, pl. 10, figs. 4-9, 16: on Chrysophrys aurata 
from Trieste ; Parona, 1912 (2), 10. 


BENEDENIINAE Johnston, 1931. 


Johnston, 1931, 95: defined as subfam. in Capsalidae (syns. Capsalidae Baird, 
1853, partim; Tristomidae Braun, 1893, 89, and of Montic., 1892, 213—partim) ; 
Johnston, 1929, 71-75: analysis of the Benedeniid genera and their taxonomy, 
though the subfam. is not defined (see Johnst., 1931—defn. and key to genera 
and subgenera); <Ancyrocotyle Par. & Montic., is rejected from the subfam. and 
placed in a separate subfamily ; Meserve, 1938, 32-34: review of subfam., and 
conclusions of Johnst. (1929 and 1931) accepted, with certain exceptions ; Meserve 
retains the gen. Ancyrocotyle—which, in effect, is to return to the subfam. 
concept Ancyrocotylinae Montic.—and ignores the subgenera of Johnst. ; Price, 
ia 272 
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1939 a, 64: redefinition of Benedeniinae—very similar to that of Johnst., and 
includes Encotyllabe Dies. and Ancyrocotyle Par. & Montic., with consequent 
emendations—and key to the genera, the subgenera being suppressed. 

Fuhrmann, 1928, 28, adopts Ancyrocotylinae Montic. (1903, 335—in Tristomidae) to include those 
Capsalids without haptoral septa : Ancyrocotyle Par. & Montic., Hpibdella Blainv., Phyllonella v. B. & H... 
Benedenia Dies., Nitzschia Baer, Encotyllabe Dies.: Meserve (1938) and Price (1939 a) ignore Monti- 
celli’s subfamily, but, in expanding Benedeniinae Johnst. by the inclusion of Ancyrocotyle and 
Encotyllabe, return implicitly to the original assemblage (with the exception of Nitzschia), though 
the diagnosis is restricted to those Capsalids with aseptate haptor having only two testes. The 
altered subfam. name is accepted here, on the grounds of the more typical nature of the gen. Benedenia 
and the very uncertain description of the type species of Ancyrocotyle. Ancyrocotylinae Montic. is, 
therefore, suppressed in favour of Benedeniinae Johnston. 

Subfamily diagnosis.—Capsalidae with a disc-like haptor without septa, but 
bearing three pairs of anchors in linear series (the second pair being the largest 
and the third—peripheral—pair, the smallest) and 14 marginal hooklets. Anterior 
adhesive organs in the form of glandular areas (Hntobdella), a pair of suckers 
(Benedenia and Ancyrocotyle) or both (Pseudobenedenia). The two opposite 
testes may have glands of Goto immediately posterior to them, or these glands. . 
may be absent. | 

Type genus: Benedenra Diesing, 1858. 


Key to the Genera (and Subgenera of Johnston) of Benedeniinae. 


1, Intestinal crure. unbranched © 2.0%. .4..5 + aed si alee ois eter ee tn ee Ancyrocotyle. 
Intestinal crura with lateral and median branches ..................+... 2. 
2. Anterior end with glandular areas only. ...05.<%)02- ahs bce eee oan ons Entobdella. 
a. Vaginal pore near male and female pores ............---22+-+-+see E. (Parepibdella). 
b. Vaginal pore not near male and female pores .........6....+ese000. E. (Entobdella). 
Anterior end with suckers or both suckers and glandular areas............ 3. 
3. Antenior-end with suckers only J's.) )s4.s.4.0$.8% Sale a lets oer ca ean eee Benedenia. 
aa. Vaginal pore near male and female pores ...................-- B. (Benedenia). 
bb. Vaginal pore not near male and female pores ................. Ce; 
cc. Vagina running more or less directly forward from vitelline 
reservoir to pore ....... va eho ae 66 le al nib Rtas ie gees ee Se B. (Parabenedenia). 
Vagina very long, with a backward loop before passing forward 
GOVPIOEE ie ake wines sire, se 9 ergs Wp, 0:0 Gees tpte ela aE Oe Ge ee B. (Benedeniella). 


Anterior end with suckers and a pre-oral lobe with glandular areas........ Pseudobenedenia. 


Benedenia Diesing, 1858. 

Dies., 1858, 363-364: monotypic, with B. elegans Dies., 1858 (syn. 
Epibdella sciaenae van Beneden, 1852) (a renaming) ; separated from Phylline 
hippoglossi of Oken by distinctive anterior haptor [Diesing’s diagnoses :— 
Phylline “. . . Caput discretum, subtriangulare, bothriis duobus marginalibus 
linearibus obliquis ...”” and Benedenia “.. . Caput discretum, subtus acetabulis 
duobus submarginalibus circularibus ...”|; (Syn. Epibdella of van Ben., 
1858—non Blainville, 1827, nec Gray, 1864,—a mammal; nec Schneider, 
1875—a protozoon); Tasch., 1878 6, 566—as a syn. of Tristoma Cuv. ;. 
Goto, 1894, 6, 35, 39, 40, 44, 50, 51, 57, 59, 75, 80, 84, 89-90, 95-97, © 
99. 101-102, 103, 106, 109, 115, 117, 118, 119, 122, 127, 128, 130, 140-141, 
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149-150, 161, 173—comp. anat.; 233-237, 258-259—syst.—as Epibdella 
& (separated from Phyllonella on account of its possessing anterior suckers, 
i : whereas the latter gen. has only a membranous projection supplied with 
: numerous unicellular glands) ; Goto, 1899, 265: shows that there are three 
- pairs of anchors, whereas previous authors had overlooked the third small 
pair; Monticelli, 1901, 143: creates two subgenera (after having united 
the two groups Hpibdella auct. and Phyllonella auct. in 1891) in Hpibdella :-— 
Phylline Oken, with pseudo-suckers on the anterior end, and Benedenia 
Dies., with a pair of true suckers; Odhner, 1905, 371: redefines Benedenia 
Dies.—raising subgen. (of Montic., 1901) to its former generic rank (leaving 
Epibdella to represent the subgen. Phylline of Montic. [Phylline Oken is 
reserved as syn. of Capsala: type sp. P. diodontis=C. martinieri)) ; 
MacCallum, 1927, 298: —as Hpuibdella (sensu v. Ben.), distinguished from 
Phyllonella v. B. & H. (=Epibdella, sensu Odhner), by the partition of species 
which are reviewed, though no generic diagnoses are given; Fuhrmann, 
1928, 28: mentions Benedenia Dies., but also, as valid genera, Hpibdella 
and Phyllonella—though there is no internal evidence as to the sense in which 
these names are used; Johnston, 1929, 74-75: accepts Odhner’s defn. of 
Benedenia, but creates three subgenera; 1931, 96: key to genera and sub-. 
genera. [A modified key, sufficiently descriptive of Johnston’s subgenera. is 
given above ; though the subgenera are not retained by recent authors, as 
some later species appear to cut across the subgeneric limits. The problematic 
glands of Goto may have some systematic significance in divisions below 
_ generic rank, as is hinted by Meserve]. Meserve, 1938, 32: examination 
of the taxonomy of the group; accepts the revision of Johnston (1929, 1931), 
though his subgenera are tacitly suppressed ; Price, 1938 6, 409-410: accepts 
Johnston’s revised defn., but ignores his subgenera—key to gen. ; 1939 a, 65: 
redefined ; Yamaguti, 1934, 1937, 1939, uses Hpibdella throughout for 
Benedenia Dies., but uses subgenera defined as: EH. (Benedenia)—anterior 
suckers connected by a membranous hood, and #. (Hpibdella)—in which the 
anterior suckers are not so connected (footnote, 1937, 18). Both subgenera 
are considered by Price to be included in Benedenia emend. Price (adopted 
below). 
Generic diagnosis.—Benedeniinae, in which there is a pair of sucker-like 
discs which may or may not be connected by a pre-oral lobe. Haptor with 
three pairs of dissimilar anchors. Ovary separated from testes by only a 
narrow band of vitelline follicles, and vas deferens usually not forming a 
7 pre-ovarial loop. 
Type species: Benedenia sciaenae (van Beneden, 1852) Odhner, 1905. 
B. sciaenae (v. Ben., 1852) Odh., 1905. 
van Ben., 1852, 98; 1856, 503-508, pl. 1, figs. 1-4: (as Hpibdella s.) on 
Sciaena aquila from Ostende; 1858a, 23-37: anatomy; 1861 (idem) ; 
Dies., 1858, 364: renamed—as Benedenia elegans (type of gen. Benedenia) ; 
v. Ben. & Hesse, 1863, 69-70: as Hpibdella scioenae [for EH. sciaenae] (syn. 
Benedenia elegans Dies.)—gen. redefined—the presence of the regularly 
arranged papillae on the haptor stressed, but no mention of the peculiarities 
of the anterior adhesive apparatus in the spp. assigned to it, viz., Hpibdella 
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hippoglossi and E. sciaenae; Tasch., 1878, 564, 565 (as T'ristoma scraena) ; 
Montic., 1888, 13, 87 ; 1891, 105, 107, 120, 125, 126, pl. 6, fig. 23: (as Hpibdella s.) 
on Sciaena aquila from Italy; Goto, 1894, 233 (as Hpibdella s.); 1899, 
269-270, pl. 20, figs. 8-9: (as Hpibdella s.) reproductive organs ; Monticelli, 
1902, 137, 141, 142, 143, 144, 145: retains gen. (as Hpibdella (Benedenia) 
sciaenae—type of subgen. Benedenia) ; Odhner, 1905, 371: (as Benedenza s.) 
revision of taxonomy and restores subgen. of Montic. to gen. rank ; 
MacCallum, 1927, 298: (as Hpibdella s.) short descr. ; Johnston, 1929, 74-75: 
(as Benedenia (B.) s.—type of new subgen. Benedenia of Johnst. (non sensu 
Montic., 1901)) ; Meserve, 1938, 35: syst. (as Benedenia s.); Price, 1939 a, 
65: syst., defn. [but in error uses B. elegans Dies., 1858, for the type species]. 
B. adenea Meserve, 1938. 

Meserve, 1938, 36-38, pl. 4, figs. 3-4: on Mycteroperca sp. from Socorro Isl., 
Mexico (Pacific); also as B. anadenea Meserve, 1938, 38-39, pl. 4, figs. 5-8, 
on the same host fish ; Price, 1939 a, 65-66 : examination of the type spp. of 
Meserve, finding them identical, both having the glands of Goto, and no 
vagina—fig. 10 of anchors. 


Meserve (loc. cit.) remarks that B. adenea is similar to B. isabellae, but has smooth testes and a 
more elongated gland of Goto, a more ant. gen. pore and smaller, more spherical ovary. It differs 
from B. ovata in the reniform gland of Goto and in the shape of the anchors. B. ishikawae differs 
in having no gland of Goto; while B. anadenea is considered similar to B. melleni, which has 
smaller lobed testes and 2-10 dorso-ventral muscle-bands, compared with larger smooth testes and 
11-17 d.-v. muscles in anadenea. The latter sp. is said to differ from B. adenea in having no gland 
of Goto and in the larger anchors. 


B. convoluta (Yamaguti, 1937) Price, 1939. 

Yam., 1937, 16-18, pl. 3, figs. 21-23: (as Epibdella (Benedenia) convoluta) 
—immature worms—on the gills of E:pinephelus akaara from the Inland Sea, 
Japan; Yam., 1939, 212: same host and locality—remarks on the excretory 
system; Meserve, 1938, 39,41: (as Entobdella c.); Price, 1939 a, 65: (as 
Benedenia c.)—removed from FHntobdella on account of the well-developed 
suckers at the base of the pre-oral hood. This appears to be a transitional 
species, both between Hntobdella and Benedenia, and between them and 
Pseudobenedenia—though it is placed in the present genus as the pre-oral 
lobe is not described as glandular. It does not fall into any of Johnston’s 
subgenera, but it is characterized by a very long cirrus-pouch and the absence 
of the glands of Goto. (Figs. 63 h-j herein.) 

B. derzhavini (Layman, 1930) Meserve, 1938. 

Layman, 1930, 52-53, 89-90, fig. 1: (as Hpibdella d.) on the gills of 
Sebastodes schlegelii (Hilgendorff) from Peter the Great Bay, Sea of Japan ; 
Meserve, 1938, 34 (as Benedenia d.). 

B. epinepheli (Yamaguti, 1937) Meserve, 1938. . 

Yam., 1937, 15-16, pl.3, figs. 19-20: (as Hpibdella e.) on the gills of Epine- 
phelus akaara from Taraumi, Inland Sea, Japan. (Yam. places this sp. in 
subgen. H'pibdella—it has small glands of Goto); 1939, 212: record from 
the same host and loc.; Meserve, 1938, 35: (as Benedenia e.) cf. with 


B. wsabellae, p. 36. | According to Johnston’s criteria this sp. clearly falls into 
subgen. Parabenedenia. 


or 
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Figures 63 a-j. 


eee, D 
b 


a-g: Benedenia melleni—a, Complete worm, ventral view: the complete intestinal branches are- 
shown only for one side, the excretory collecting vessel for the same side, and the main nerve 
trunks for the other ; the vitellaria are omitted ; b, Genitalia, ventral view, semi-diagrammatic ; 

t c, Usual type of egg; d, Unusual forms of egg ; e, Larva, soon after hatching ; f, Later stage 
_ of larva, soon after shedding cilia ; g, Young adult (after Jahn and Kuhn). hj: B. convoluia— 
h, Complete worm, ventral view ; 1, One of the anterior pair of anchors ; j, One each of the 
middle and posterior pairs of anchors (after Yamaguti). 
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B. hendorffii (Linstow, 1889) Odhner, 1905. 


Linstow, 1889, 163-180, pls. 10-11: anat. (as Phylline h.) on Coryphaena 
hippurus, from Caleta buena, Chile; 1893, 170-172; Monticelli, 1891, 
101, 105, 107, 108, 115, 119, 120, 125, 126, 130, pl. 5, fig. 8, pl. 6, fig. 22 ; 
1892 (Oct. 7), 172 (as Epibdella hendorfir); 1902, 137, 138, 142, 143, 144 
(as Epibdella (Benedenia) hendorffii); Heath, 1902, 112 (as Hpibdella 
(Phylline) h.); Linstow, 1903, 355 (as Hpibdella (Benedenia) h.—sensu 
Montic.); Odhner, 1905, 317 (as Benedenia h.); MacCallum, 1927, 299 
(as Epibdella h.); Viassenko, 1928, 237: comp. anat., of. with [Aviella] 
baikalensis; Johnston, 1929, 74-75 (as Benedenia (Parabenedenia) h.) ; 
Meserve, 1938, 35 (as Benedenia h.); Price, 1938 b, 409-410, pl. 2, figs. 1-2: 
redescr. of a specimen in U.S. Nat. Mus. from an undetermined species of 
fish caught at Spokane, Washington ; notes that it is similar to B. seriolae 
(Yam.), though the band of vitellaria between the ovary and testes of the 
latter is absent, and the second pair of anchors in B. hendorffii are not as curved 
but more slender than in B. seriolae; Price (1938 and 1939) attributes the 
n. comb. to Stiles & Hassall, 1908—but this comb. was made by Odhner, 
1905; glands of Goto are apparently absent; Price, 1939 a, 67, fig. 15, 
(anchors): syst. 


B. isabellae Meserve, 1938. 


Meserve, 1938, 35-36, pl. 4, figs. 1-2: on an undetermined spotted grouper- 
like fish from Isabel Isl., Mexico (Pacific); said to differ from B. ishikawae 
in having lobed testes, and glands of Goto; from B. ovata in lobed testes 
and non-indented haptor; from B. epinepheli in lobed, perforated testes 
and the more posterior gen. pore and different anchors ; most like Bb. mellenz, 
though the testes are larger, more elongate and with more numerous 
perforations, and the prostate gland is larger and glands of Goto are present ; 
Price, 1939 a, 66, fig. 11 (anchors): notes that there are 14 marginal hooks 
on the haptor and the vagina is absent. 


B. ishikawae (Goto, 1894) Odhner, 1905. 


Goto, 1894, 234-235, pl. 26, figs. 1-3: (as Hpibdella 7.) on Lethrinus sp. 
from Hagi, Japan ; St. Remy, 1898, 532-533 (as Hpibdella ishikawat); Montic., 
1902, 137, 142, 143 (as Hpibdella (Benedenia) i.); Odhner, 1905, 371 (as 
Benedenia 2.) ; MacCallum, 1927, 299 (as Epibedila 2.) ; Johnston, 1929, 74-75 
(as Benedenia (Parabenedenia) i.) ; Meserve, 1938, 35 (as Benedenra 1.); 36, 
cf. with B. isabellae ; 37, cf. with B. adenea; Price, 1939 a, 66. : 


B. macrocolpa (Lithe 1906) Johnston, 1939. 


Liihe, 1906, 97-98, pl. 1, figs. 1-3: (as Hpibdella m.) on the skin of Rhinoptera 
javanica Mill. & Henle from Kalpitiya and Dutch Bay, Ceylon (placed in 


the subgen. Benedenia, sensu Montic., by Lithe); MacCallum, 1927, 299 (as 


Epibdella m.) ; Johnston, 1929, 75: as the type of the subgen. Benedeniella ; 
Meserve, 1938, 35 (as Benedenia m.). 


B. madai (Ishii & Sawada, 1938), n. comb. 


Ishii & Sawada, 1938 a, 239, 240, pl. 3, fig. 1: (as Epibdella m.) on the gills 
of Pagrosomus major (Temm. & Schleg.) from Japan ; this sp. is very similar 
to B. sciaenae, except for the anchors. 
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B. melleni (MacCallum, 1927) Johnston, 1929. 

MacCallum, 1927, 291-800, fig. 154 (as Hpibdella m.), on the eyes, destroying 
the cornea, especially on Sphoeroides annulatus, also on Chaetodipterus faber 
and Pomacanthus spp., occurring in the New York Aquarium as an epidemic 
(the S. annulatus originated from 8S. California); Johnston, 1929, 74-75 
(as Benedenia (Parabenedenia) m.); Jahn & Kuhn, 1932, 89-111, pl. 1, 
figs. 1-3, pl. 2, figs. 4-12 (as H'pibdella m.), detailed descr. and life history : 
morph. of all stages and study of susceptible aquarium fishes: the epidemic 
in N.Y. Aquarium was confined to certain fams. of Acanthopteri, some 
(marked * below) developed a partial immunity ; the worms occur mostly 
on the eyes, sometimes on the skin, and more rarely in the gill cavity and 
nasal cavities of the following :—Carangidae—Caranxz crysos (Mitchill) *, 
C. hippos (Linn.)*, Naucrates ductor Linn., Trachinotus carolinus (L.), 
T’. glaucus (Bloch), Vomer setapinnis (Mitchill) ; Pomatomidae—Pomatomus 
saltatric (Linn.); Serranidae—Centropristis striatus (Linn.)*, Dermatolepis 
punctatus Gill*, Hpinephelus adscensionis (Osbeck), H. guttatus (Linn.), 
E. morio (Cuv. & Val.) *, H. striatus (Bloch) *, Paralabrax maculofasciatus 
(Steindachner), Promicrops itaiara (Licht.); Lutianidae—Lutianus analis 
(Cuv. & Val.), L. apodus (Walb.), L. jocu (Bloch & Schneider), LZ. synagris 
(Linn.) *; Haemulidae—Anisotremus surinamensis (Bloch), A. virginicus 
(Linn.), Haemulon album Cuv. & Val.; Sciaenidae—WMenticirrus saxatilis 
(Bloch & Schneider), Micropogon undulatus (Linn.) ; Labridae—Lachnolaimus 
maximus (Walb.), T’autoga onitis (Linn.) ; Ephippidae—Chaetodipterus faber 
(Broussonet) ; Chaetodontidae—Angelichthys ciliaris (Linn.), A. isabelita 
Jordan & Ritter, A. townsendi Nichols & Mowbray, Chaetodon ocellatus 
Bloch, Pomacanthus arcuatus (Linn.), P. paru (Bloch) ; Acanthuridae—Acan- 
thurus caeruleus Bloch & Schneider, A. hepatus (Linn.); Balistidae—Balistes 
vetula Linn., Melichthys bispinosus Gilbert * ; Monacanthidae—Ceratacanthus 
schoepfii (Walb.), Stephanolepis hispidus (Linn.); Ostracidae—Lactophrys 
tricornis (Linn.), L. trigonus (Linn.), L. triqueter (Linn.); Tetradontidae— 
Sphoeroides annulatus (Jenyns) *, S. maculatus (Bloch & Schneider) ; Diodon- 
tidae—Diodon hystrix Linn.; Triglidae—Prionotus evolans (Linn.); Mala- 
canthidae—Malacanthus plumeri (Bloch) ; Nigrelli & Breeder, 1934, 259-269 
(as EHpibdella m.): on the susceptibility and immunity of certain marine 
fishes to this parasite ; Meserve, 1938, 35 (as Benedenia m.), p- 36, cf. with 
B. isabellae, p. 39, cf. with B. adenea ; Price, 1939 a, 66-67, fig. 13—anchors : 
notes that a vagina is lacking. (Figs. 63 a-g herein.) 

4 Price (1939 a, 67) notes that a separate genus may have to be erected for the following spp. which 
lack a vagina and have anchor characters in common (broad and large with marginated edges) : 
, B. adenea, B. isabellae, B. melleni and B. muelleri. 

Nigrelli, 1943, 204, pl. 1, fig. 2: heavy infestation of T'’rachinotus falcatus 
in New York Aquarium—notes that it is still the major hazard of the 
aquarium, being responsible for 20% of the deaths in 1940, and 18% in 1939. 
2 B. monticellii (Parona & Perugia, 1895) Johnston, 1929. 

Par. & Per., 1895, 84-87, fig. 1 (as Phylline m.), on Mugil auratus from 
the Mediterranean ; Parona, 1896, 135 (as Hpibdella (Phylline) m.) ; Monti- 
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celli, 1902, 137, 142, 143 (as Epibdella (Benedenia) monticellc); Linstow, 
1903, 356 (as Epibdella (Benedenia) monticelli); MacCallum, 1927, 298 (as 
Epibdella m.); Johnston, 1929, 74-75 (as Benedenia (Parabenedenia) m.) ; 
Meserve, 1938, 35 (as Benedenia monticelli) ; Price, 1939 a, 65 and footnote— 
notes that the original description is unrecognisable and that only two anchors 
are mentioned, ‘‘ 16 and 11,” (meaning 160 and 110, 2). 

B. muelleri (Meserve, 1938) Price, 1939. 

Meserve, 1938, 40-41, pl. 4, fig. 9 (as Hntobdella m.), on Cratinus agassizir 
from Tagus Cove, Albermarle Isl., Galapagos Isles: notes that this sp. differs 
from Entobdella hippoglossi in the absence of papillae on the dorsal surface 
of the haptor, and from L. soleae, in that there are no papillae on the body. 
It is more like E. steingroveri, except that the anchors are different—being 
split almost the whole of their length, also glands of Goto are present, which 
are absent in #. [B.] muelleri; Price, 1939 a, 65, 67, fig. 14—of the distinctive 
anchors: points out lack of vagina—see note on p. 321 herein—(as Bene- 
denia m.). | 

B. ovata (Goto, 1894) Johnston, 1929. 

Goto, 1894, 234-237, pl. 26, figs. 4-8 (as H'pibdella o.), on Anthias schegelii, 
from Misalki, Japan: Goto describes the post-testicuar glands in this sp.— 
later authors naming them “ glands of Goto”; Monticelli, 1902, 137, 142, 143 
(as Epibdella (Benedenia) o.); MacCallum, 1927, 299 (as Hpzbdella o.) ; 
Johnston, 1929, 74-75: as the type of the subgen. (Parabenedenia) of gen. 
Benedenia—sensu Odhner; Meserve, 1938, 35-36 (as Benedenia o.), p. 36, 
proposes the term “ glands of Goto” first descr. in this sp., p. 37, cf. with 
B. adenea. 

B. pacifica (Guberlet, 1936) Price, 1939. 

Guberlet, 1936 a, 453, fig. 5—prelim. acct.; 19366, 954-958, figs. 1-7 
(as Epibdella p.), on Myliobatus californicus from the Californian coast ; 
Meserve, 1938, 39 (as Hntobdella p.); Price, 1939 a, 66: removes this sp., 
without comment, to the gen. Benedenia—though the action is obviously 
justified by the presence of the muscular pads on either side of the pre-oral 
lobe, he points out that the first anchor is extremely small and that 14 
marginal hooklets are present, fig. 12—anchors. 

B. pagrosomi (Ishii & Sawada, 1938) Price, 1939. 

Ishii & Sawada, 1938 a, 234-235, pl. 1, figs. 1-3 (as Hpibdella p.), on 
Pagrosomus major from Japan ; [according to the criteria of Johnston, this sp. 
would fall into the subgen. (Benedenia)]; Ishii & Sawada note that it resembles 
B. ishikawae Goto, 1894 but differs in the character of the anchors, in the 


presence of an oesophagus and in the vitelline reservoir; Price, 1939 a, 66 (as 
Benedenia p.). 
B. sebastodis (Yamaguti, 1934), Meserve, 1938. . . 
Yam., 1934, 262-264, figs. 5-6 (as Hpibdella s.), on the gills of Sebastodes 
imermis from Ise Bay, Japan; Meserve, 1938, 35 (as Benedenia s.). [Owing 
to the position of the vaginal pore being only slightly separated from the male 
and female pores it would be difficult to assign this sp. to one of Johnston’s — 
subgenera. A (?) gland of Goto is present in-this sp., not at the hinder end 
of the testis, but above, and to the left of the vitelline reservoir and near the 
base of the vagina. ] ; 


— 
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B. sekit (Yamaguti, 1937) Meserve, 1938. 

Yam., 1937, 13-15, pl. 3, figs. 16-18, pl. 6, figs. 40-47 (as Epibdella 
(Epibdella) s.), on the skin of Pagrosomus unicolor from Otyo, Hirosima, 
Japan (Inland Sea); [according to the criteria of Johnston, this sp. would 
fall into the subgen. (Benedenia)]; Meserve, 1938, 35 (as Benedenia s.). 

B. seriolae (Yamaguti, 1934) Price, 1939. 

Yami., 1934, 259-262, figs. 3-4 (as Epibdella s.), on the skin of Seriola 
aureovittata from the Inland Sea, Japan. [This sp. would fall into the subgen. 
(Parabenedenia) of Johnston ; the vagina does not pass below the level of 
the vitelline reservoir, but passes forward in a markedly tortuous path, 
unlike the typical members of the subgen. and there is no gland of Goto] ;. 

_ Price, 1938 b, 410 (as Benedenia s.). 

Entobdella Blainville, 1818. 

Johnston (1929, 71) points out that Braun, 1889 and 1890, also Stiles & Hassall, 1908, give the wrong 
date for Hntobdella—the latter attribute it to Audouin, 1828—the correct reference is given in 
Sherborn’s ‘ Index Animalium ’—it is not mentioned by Rudolphi, 1819. 

Blainville MS.—in Lamarck, 1818, 295, syn.: Phylline Oken, 1815— 
which included P. diodontis (type) [=Capsala martiniert Bosc, 1811]; 
P. grossa (Miiller, 1788) which is identical with Malacobdella—a nemertine ; 
and P. hippoglossi (Mueller, 1776—as Hirudo)—the type sp. of Hntobdella— 
so the genus falls into synonymy as a homonym: preoccupied by Phylline 
Abild., 1790—for a Cestode [Caryophylla]; Blainville, 1827, 269 (Dict. Sci. 
Nat. xlvii), creates the gen. H'pibdella for Phylline hippoglossi (Miiller, 1776) 
Oken: thus, Hpibdella h. being a syn. of the type sp., is a syn. of Entobdella 
Blainy., 1818, and not a syn. of Benedenia Dies.; Rathke, 1843: renamed 
Miiller’s ‘‘ hippoglossi”’ as Tristoma hamatum—mentions syns. quoted above, 
and Hrtobdella which Stiles & Hassall, 1908, consider is a mistake of Rathke’s 
for Entobdella ; Dies., 1840, 426-427: defn. of Phylline Oken (syns.: Hirudo 
of Miller, Hpibdella Blainv., Tristoma of Rathke); 1858, 363: (as Hpibdella 
—with EH. hippoglossi—of v. Ben., 1852, 29); v. Ben. & Hesse, 1863, 65, 66, 
70-71: create the gen. Phyllonella—with P. soleae—which they say differs 
from EH pibdella Blainv. in lacking true anterior suckers and in having a broad, 
thin, folded membrane on the ant. end, which has the function of the suckers- 
of Epibdella ; Johnston, 1865, 30, 32: retains the original name Hntobdella 
for this gen. ; Lorenz, 1878 a, 434: (as Phyllonella—citing P. soleae; Vogt, 
1878, 306-315: comp. anat. of reproductive organs (of P. soleae), which he 
considers to be only very slightly different from Hpibdella Blainv., 1879, 
363-366 : (idem); ‘Taschenberg, 1878, 566: removes “ Phyllonella spp.” 
to Tristoma, of which Hpibdella is also regarded as syn.; Montic., 1888, 
7, 10, 13, 20, 66, 86, 87, 97: protests against Tasch. converting so many 
genera to Tristoma—restores most of the syns. to original gen. rank : 
Epibdella is disting. from Phyllonella in the latter having ‘‘ pseudoventosa ”’ 
in place of the true suckers of the former; 1891, 100, 104, 105, 106, 107, 
111, 114, 115, 116, 117: unites the genera Phyllonella and E'pibdella, and 
places them in the fam. Tristomidae (incl. H'. hippoglossi, H. sciaenae, E. soleae, 
and H. hendorffii); Goto, 1894, 798: makes EHpibdella take the place of 
Benedenia Dies., which he states is invalid—refers to Phyllonella | =Entobdella 
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herein}—thus supporting Montic., 1891; Goto, 1899, 263-269: “ justifies ”’ 
his use of Phyllonella for the present gen.; Montic., 1902, 1387: divides 
Epibdella (sensu Montic., 1891) into subgenera: (Phylline) for those without 
suckers and (Benedenia) for those with suckers—in subfam. Ancyrocotylinae ; 
Linstow, 1903, 355-356—follows Montic., 1902; Odhner, 1905, 370-372 : 
raises the subgenera of Montic., 1902, to generic rank—though he suppresses 
Phylline Oken, since its type sp. is the type of Capsala, in favour of E’pibdella ; 
MacCallum, 1927, 298-299: accepts the generic divisions made by Odhner, 
but replaces Benedenia by Epibdella and retains Phyllonella for Entobdella 
herein; Johnston, 1929, 74-75: accepts Odhner’s separation of genera, 
but points out that Hpibdella must be reduced to synonymy in favour of 
Entobdella Blainv. in Lamarck, 1818, owing to priority: he creates two 
subgenera on the basis of the proximity of the vagina to the other genital 
openings and other characters connected with its course; 1931, 96: key 
for the separation of the subgenera and genera of the subfam. Benedeniinae 
(see p. 316 herein) ; Ancyrocotyle Par. & Montic. is placed in a related subfam. 
Ancyrocotylinae—restricted (monotypic); Meserve, 1938, 32-34: review— 
accepts Johnston’s nomenclature, though the subgenera are tacitly sup- 
pressed ; Price, 1938 6, 409-410: also follows Johnston, with the omission 
of the subgenera ; 1939 a, 67-69: emends diagnosis and finds that the 
subgenera of Johnston separate related species of Hntobdella. 

Generic diagnosis.—Benedeniinae in which the anterior suckers of Hobiog 
are replaced by paired glandular areas on either side of the cephalic lobe, or 
continuous with it. Haptor as in Benedenia. Ovary usually separated from 
the testes by a relatively wide band of vitelline follicles. The vas deferens 
forms a pre-ovarial loop. 

' Type species: Entobdella hippoglossi (Miiller, 1776) Blainv., 1818. 
E.. hippoglossi (Miller, 1776) Blainville, 1818. 

Miiller, 1776, 220 (as Hirudo h.), on Hippoglossus vulgaris from Denmark ; 
Fabricius, 1780, 322, pl. 1, fig. 8 (as Hirudo h.) from Greenland ; Blainville, 
in Lamarck, 1818, 295: cited as Hntobdella h.; Lamarck, 1818, 295 (as 
Phylline h. (Miiller)); Blainv., 1827, 269: created Hpibdella (monotypic) 
for Phylline h. (Mill.) Oken, 1815; Rathke, 1843, 238, 242, pl. 12, figs. 9-10: 
renamed as T'ristoma hamatum (syns.: Hirudo h. Miill.; Phylline h. Oken ; 
Ertobdella h. Blainv. (sic)); Dies., 1850, 426-427 (as Phylline h.); Baird, 
1853, 42 (as Capsala elongata—with which other spp. are included) ; v. Ben., 
1861 a, 21-23, 36, 37, 167, 195, pl. 2, figs. 1-10, pl. 3, figs. 1-8 (as E'pibdella h.), 
on Pleuronectes hippoglossus; v. Ben. & Hesse, 1863, 69 (as Hpibdella h.)— 
in fam. Tristomidae ; Johnston, 1865, 32 (as Entobdella h.), on Hippoglossus 
gigas, off the English coast; Tasch., 1878, 564, 565, 566 (as Tristoma h.) ; 
Montic., 1888, 13, 19, 53, 87 (as Hpibdella h.); Cunningham, 1890, 93 (as 
Epibdella h.); Montic., 1892 g, 106, 107, 111, 114, 115, 116, 118, 119, 120, 
125, 126, 130, pl. 5, fig. 5, pl. 6, figs. 24, 25 (as Hpibdella h.); Goto, 1899, 
264-269, pl. 20, figs. 1-7 (as Phyllonella h.) ; Th. Scott, 1901, 142 (as Epibdella 
h.), on Halibut from Scotland ; Montic., 1902, 137, 138, 140, 141, 142, 143, 
144, 145 (as H'pibdella (Phylline) h.) ; Odhner, 1905, 370-372 (as E'pibdella h.) ; 
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Stafford, 1904, 482 (as Hpibdella h.), on Hippoglossus hippoglossus from 
Canada ; Nicoll, 1915, 299 (as Epibdella h.), on H. hippoglossus from Britain ; 
MacCallum, 1927, 299 (as Phyllonella h.) ; Johnston, 1929, 74 (as Entobdella 
(Entobdella) hippoglossitype of subgen. (Hpibdella)) ; Sprehn, 1933, 24-25 
(as Hpibdella h.); Canavan, 1934 (as Hpibdella bumpusii), from a gadoid 
fish from N. America ; Meserve, 1938, 33, 39 (as Entobdella h.); Price, 1939 a, 
69, 71, fig. 1—whole worm, fig. 7—anchors: redescr., on skin of H. hippo- 
glossus from U.S.A. (Woods Hole, Swans Island), Alaska, Canada (Nova 
Scotia) and Greenland (as Hntobdella h.); Linton, 1940, 6, pl. 14, figs. 164— 
169 (as Entobdella h.), from the skin of H. hippoglossus at Woods Hole, Mass.— 
some measurements given; [About two-thirds of the ventral surface and 
haptor bear radiating rows of small papillae]. 
E. bumpusii (Linton, 1900) Johnston, 1929. 

Linton, 1900, 286-287, figs. 11-15 (as H’pibdella b.), on the skin of Dasyatis 
centrura, from Woods Hole region; Linstow, 1903, 355 (as Phylline 6.) ; 
MacCallum, 1927, 299 (as Phyllonella 6b.) ; Johnston, 1929, 75 (as Hntobdella 
(Parepibdella) b.—type of the subgen.); Meserve, 1938, 39: syst. (as 
Entobdella b.) ; Price, 1939 a, 69, 72-73, figs. 3, 9 (whole worm and anchors) : 
finds that by abolishing the subgenera of Johnston, this sp. can be brought 
near to H. diadema—both have the haptor crossed by 20 ant.-post. grooves : 
redescr., on the skin of Pastinachus centrowrus (Mitchill) (corr. name of type 
host)—from Woods Hole and Canada (Labrador); Linton, 1940, 5-6 (as 
Entobdella b.), on P. centrourus from Woods Hole. . 

EL. diadema (Monticelli, 1902) Johnston, 1929. 

Montic., 1902 (May 15), 137-145, figs. 1-4 (as Hpibdella d.), on Trygon 
violacea from Mediterranean; 1902, 143 (as EHpibdella (Phylline) d.); 
MacCallum, 1927, 299 (as Phyllonella d.) ; Johnston, 1929, 74—75 (as Hntobdella 
(E'ntobdella) d.) ; Meserve, 1938, 39 (as Hntobdella d.), and most probably in 
error, states that this sp. occurs on Solea vulgaris; Price, 1939 a, 69 (as 
Entobdella d.): abolishes subgen. to bring it, taxonomically, nearer to its 
closest ally, HL. bumpusit. 

E. soleae (van Beneden & Hesse, 1863) Johnston, 1929. 

v. Ben. & Hesse, 1863, 70-71, pl. 5, figs. 1-8 (as Phyllonella s.—type sp. 
of n. gen. created to separate it from Hpibdella spp., which possess suckers 
instead of the anterior adhesive fold) on Solea vulgaris from the Belgian 
coast ; Vogt, 1878, 306-315, pl. 14, fig. 2, pl. 15, figs. 1-4 (as Phyllonella s.) : 
anat. of reproductive system—on S. vulgaris from French coast; 1879, 

: 363-366, pl. 14 (idem—translation); Montic., 1888 (as Phyllonella s.— 
non P. soleae of Vogt, 1878, 1879, which he considers to be Hpibdella hippo- 
glossi of v. Ben. & H.); Tasch., 1878, 566 (as T'ristoma s.); Cunningham, 
1890, 93-96, text-figs. C, D (as Hpibdella s.), on Solea vulgaris from British 
waters: descr.; Montic., 1892 (Oct. 7), 172 (as Hpibdella s.); St. Remy, 
1892, 12-21, pl. 2, figs. 1-4, 18: redescr. of reproductive syst. (as Phyllo- 
nella s.) on S. vulgaris from Roscoff ; Th. Scott, 1901, 142-143, pl. 8, fig. 17 
(as Phyllonella s.), on S. vulgaris from the Firth of Clyde; A. Scott, 1901, 
344: record on S. vulgaris from the Irish Sea (as Phyllonella s.); Montic., 
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1902, 139, 140-145 (as Epibdella (Phylline) s.) ; Odhner, 1905, 373 (as Hpibdella 
s.); 1906, 65, 66—syn. Hpibdella producta Linstow, 1903 ; Southern, 1912, 
16-17, fig. 1 (haptor) (as Phyllonella s.), on S. vulgaris from 2 miles E. of 
Clare Isl., Ireland; MacCallum, 1927, 299 (as Phyllonella s.); Johnston, 
1929, 74-75 (as Entobdella (Entobdella) s.); Little, 19296, 324-337, text- 
figs. 1-10, pl. 15-19, figs. 1-13; anat. and histology (as Phyllonella s.) from 
the skin of Solea vulgaris from the Irish Sea; 1929 a, 22-30: host record 
from the W. of Ireland (as Hpibdella s.); Plymouth Marine Fauna, 1931, 100 
(as Phyllonella s.), on skin of S. vulgaris from Plymouth ; Sprehn, 1933, 24 


Figures 64 a—b. 


a-b: Entobdella soleae-—a, Complete worm, ventral view; 6, posterior half of left side of haptor, 
ventral view, showing the three types of anchor and three of the marginal hooklets—the mus- 
culature and muscular papille are also indicated (original). 


(as Phyllonella s.) ; Meserve, 1938, 39, 41 (as Entobdella s.) (also as HL. solea— 
for soleae) ; Baylis, 1939, 476 (as E’ntobdella s.), record from 8. Devon on the 
skin of Solea solea. In Sept.—Oct., 1938, Entobdella soleae was found on 12 
out of 15 S. solea examined at Roscoff—they were always attached to 
the underside, frequently up to a dozen on one fish ; on two occasions numerous | 
leeches (Hemibdella soleae v. B. & H.)—over a hundred on one specimen— 
occurred on the upper surface only of the same fish which bore LH. soleae 
on the lower surface ; at Plymouth nine fish were examined at various times 
throughout the year, but only one (May 1940) harboured one £. soleae. 
At Roscoff two out of the nine Solea lascaris examined (all about 20 cm. long) 
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had a few H. soleae on the underside—some of these fish were also infested 
with Hemibdella soleae v. Ben. & Hesse, on the upper surface: worms from 
S. lascaris were in no way any different from those taken from the type 
host. (Figs 64 a—b herein.) 


To test the host-specificity of this species, some S. solea with heavy infections were placed in a 
tank with others not infected, and also with Pleuronectes platessa; in the course of a few days one of 
the uninfected 8. solea had gained a few parasites but none of the P. platessa became infected, in spite 
of the overcrowded conditions. On another occasion, it was believed that a S. lascaris, previously 
uninfected, had gained infection from trematodes on S. solea in the same tank. At Plymouth, four 
Solea lutea (10-12 cm. long) were found to be free from this parasite, and also one specimen of 
S. variegata (6 cm. long). Specimens at various stages of growth have been examined, but though no 
very young stages have been met with, there is a marked difference in the rate of growth of the various 
parts, as is shown by the following measurements, all made on material fixed under standardized 
conditions of moderate pressure of a coverslip, and stained and mounted in balsam in the usual way :— 


mm. mm. mm. mm. mm, mm. 
Length (total) ............ 1-48 2-35 2-94 4:26 4-75 5-27 
WRG MAS? )Fe Sica Nin vps) 0 0-625 1-28 1-46 2-30 2-65 2:34 
Haptor, length: ......,.... 0-613 0-815 0-960 1:38 1-44 1-48 
Haptor, width (max.) ..... 0-385 0-625 0-795 1-18 0-80 1-30 
Pharynx, width ....:..:.. 0:160 0-272 0-325 0-375 0:545 0-40 
Anterior anchors ......... 0-111 0-160 0-170 0-260 0-292 0-227 
Middle anchors ..... 65645 0-300 ©0375 0-490 0-685 0-700 0-730 
Posterior anchors ......... 0-071 0:094 0-131 0-108 0-151 0-086 
Marginal hooklets ......... 18-5 29 30 ps ; 
Vitelline reservoir ......... 0-143 0-280 0-128 0-142 0-163 
(length x width) x x A x 
0-200 0-355 0-280 0:255 0-242 
Egg (max. length) ........ 0-146 0-160 


EL, squamula (Heath, 1902) Johnston, 1929. 

Heath, 1902, 109-136, pls. 15-16, figs. 1-19: (as Hpibdella s.) on Para- 
lichthys californicus and Sebastodes sp. from the Pacific Coast of N. America 
(California to Alaska); Montic., 1905, 75-76—discussion on syst. position : 
accepts it as a valid sp. ; MacCallum, 1927, 299 (as Phyllonella s.) ; Johnston, 
1929, 76 (as Entobdella (Entobdella) s.); Meserve, 1938, 39 (as Entobdella s.) ; 
Price, 1939 a, 71-72, figs. 2, 8 (whole worm and anchors): redescr.—notes 
that it is found on the ventral side of the host, rarely on the gills ; and also 
on an undetermined fish from the gulf of Mexico. 

E. steingérvert (Cohn, 1916) Johnston, 1929. 

Cohn, 1916, 460-488, fig.: (as Phyllonella s.) from an undetermined fish 
from 8. Africa; MacCallum, 1927, 299 (as Phyllonella s.); Johnston, 1929, 
74-75 (as Entobdella (Entobdella) s.); Meserve, 1938, 39, 41 (as Entobdella s.), 
ef. with B. muelleri ; [about two-thirds of the ventral surface of the haptor 
is covered with radiating rows of small papillae—as in EL. hippoglossi and in 
E. squamula—these can also be seen in £. soleae, and appear to be the ter- 
minations of the radial muscles of the haptor—see fig. 64 6, herein]. 

a Pseudobenedenia Johnston, 1931. 
i Johnston, 1931, 95, definition and relationships. 

Generic diagnosis.—Benedeniinae having both glandular pre-oral lobe(s) 
in addition to a pair of suckers just ventral to it. Vagina very short, opening 
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some way posterior to the genital pore(s). Prostate reservoir lies within 
the cirrus sac; the testes are perforated. Haptor has some indication of 
three pairs of non-muscular septa. Other characters as in Benedenia and 
Entobdella. 


Type species: Pseudobenedenia nototheniae Johnston, 1931. 
P. nototheniae Johnston, 1931, 91-95, figs. 1-4, on the skin of the head and body 


of Notothenia macrocephala, from the Macquarie Isl., S. of New Zealand. 
(Fig. 65 herein.) 


Ancyrocotyle Parona & Monticelli, 1903. 


Parona & Montic., 1903, 117-123 (syn. Placunella of Par. & Per., 1895) ; 
Montic., 1903, 335: creates subfam. Ancyrocotylinae for this gen. with which 
he included the genera in the present Benedeniinae—though on the basis 
of other criteria. [The subfam. is relegated to synonymy with Benedeniinae, 
since the type species of Ancyrocotyle was insufficiently described, and it is 
probable that erroneous interpretations have been made, particularly of its 


Figure 65. 


NS 
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Pseudobenedenia nototheniae—Anterior half of worm, ventral view (after Johnston). 


reproductive system.] Johnston, 1931, 95-96: retains the subfam. of 
Montic., 1903, though restricting it to the type genus; Price, 1934, 2: refers 
to original descr. as being incomplete, though he does not redefine the genus ; 
1939 a, 74-75: no reference to the subfam. name, but places type gen. (re- 
defined) in Benedeniinae. In view of the findings of Price (1934) regarding 
A. barischi, which is regarded here as congeneric with A vallei, it appears 
justifiable to reserve judgment on the details of the latter species, which, 
as Price points out, were studied from old specimens, and to consider Ancyro- 
cotyle as a near ally of Pseudobenedenia ;—non Ankyrocotyle of Viassenko, 1928, 
[= Aviella, n. gen.]. 
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Generic diagnosis.—Benedeniinae having a pair of suckers on the ventral 
surface of the anterior end, but the glandular pre-oral lobe of Pseudobenedenia 
is absent and each sucker arises from a separate triangular pad of tissue, 
which form the anterior lateral angles of the body. Haptor discoidal to 
cup-shaped, having a marginal membrane, three pairs of dissimilar anchors 
and 14 marginal hooklets. Intestinal crura unbranched and not confluent 
posteriorly. Two testes which are post-ovarial and have glands of Goto 
at their distal ends (? or a single pre-ovarial testis). Common genital pore 
on the ventral surface to the left of the pharynx ; vagina short and opening 
near the mid-line on the ventral surface, halfway between the ovary and 
pharynx. 

Type species: Ancyrocotyle valle: (Par. & Per., 1895) Par. & Montic., 1903. 


Figures 66 a-g. 


cases GO-O 


oo 


a-b: Ancyrocotyle vallei—a, Complete worm with eggs attached to haptor—note single testis anterior 
to ovary (2); b, One of the smaller pair of anchors (after Parona and Monticelli). c-g: 
A. bartschi—c, Complete worm—note double testis posterior to ovary with glands of Goto behind 
them ; also the presence of a vagina; d, e, and f, Anchors of first, second and third pairs; g, 
Marginal hooklet (after Price). 


A. vallei (Parona & Perugia, 1895) Parona & Montic., 1903. 

Par. & Per., 1895, 86-87 : (as Placunella v.) on the gills of Naucrates ductor 
from the Mediterranean; Par. & Montic., 1903, 117-121, pl. 3, figs. 1-6: 
redescription—from old specimens—(as Ancyrocotyle v.); Price, 1934, 2: 
regards the descriptions of this sp. with great reservation ; 1939 a, 75: retains 
this as a separate species from A. bartschi, until material can be obtained for 
revision. (Figs. 66 a—6 herein.) 

VoL, xxv.—ParT Iv, No, 19.—1946, 2x 
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A. bartschi Price, 1934. 

Price, 1934, 1-2, pl. 1, figs. 1-2, on the gills of Nawcrates ductor from 
the collection of the Johnston-Smithsonian Deep-Sea Expedition to the 
Puerto Rican Deep (Stn. 96—lat. 19° 30’ 30” N., long. 65° 14’ 00” W.) ; 1939 a, 
75, syst. (Figs. 66 c-g herein.) 


ACANTHOCOTYLOIDEA, n. superfamily. 

Superfamily diagnosis.——Monopisthocotylea, in which the functional haptor 
of the adult, though developed as a single unit as in Capsaloidea and Gyrodacty- 
loidea, is not the larval haptor but a new structure developed immediately 
anterior to it, variously modified for adhesive purposes ; it is strongly muscular, 
and may bear cuticular spine-like structures, but never hooks nor anchors: the 
larval haptor is retained with its 16 hooklets—14 arranged radially and 2 centrally 
placed. 

Type family: Acanthocotylidae Price, 1936. 


ACANTHOCOTYLIDAE Price, 1936. 


Price, 1936, 11: prelim. note: to include Acanthocotyle Mont., Lophocotyle 
Braun, and Hnoplocotyle Tagl., “these genera having characters intermediate 
between those of Monocotylidae and Capsalidae”’; 1938 d, 188-189: review of 
taxonomy and diagnoses—comparison with Monocotylidae shows marked dis- 
tinctions, such as the relatively remote separation of the female pore to the margin, 
and the cephalic glands opening on the anterior margin in sucker-like organs : 
divides the fam. into two subfams. according to the presence or absence of a 
‘“‘ pseudohaptor ” (Enoplocotylinae without a pseudohaptor). In the present 
account the further separation of Acanthocotyle and its allies from the Mono- 
cotylids and Capsalids is advocated on account of the haptor being not homologous 
with that in the remainder of Monopisthocotylae—in this respect the superfamily 
bears the same relation to its suborder as the Polystomatoidea does to Polyo- 
pisthocotylea. Two genera only are retained: Acanthocotyle and Lophocotyle 
(Enoplocotyle being removed to Microbothriidae) (see note on p. 277), so that 
the family created by Price is now co-extensive with Acanthocotylinae Montic.— 
as interpreted by Price, 1938, and therefore becomes its synonym. Johnston & 
Tiegs, 1922, 124-125, accepted Acanthocotylinae Montic. (1903, 335—subfam. of 
Tristomidae), but placed the genus Lophocotyle in an appendix to it; Fuhrmann, 
1928, 28: places both genera in Monocotylinae; Sprehn, 1933, 9 (key), 11— 
follows Furhmann ; Brinkmann, 1940, 34, 83: follows Furhmann, but wrongly 
attributes the subfam. to him. 

Family diagnosis.—Acanthocotyloidea with larval haptor attached as a small 
disc to the functional, large discoid haptor ; body thick and nearly parallel-sided. 
Anterior end with two groups of glands opening in two large petaloid head-organs 
which can be extended to form pseudo-suckers at the antero-lateral corners of 
the body, or when withdrawn are confluent with the rounded anterior end. 
Mouth ventral, leading directly into a muscular globose pharynx. Genital pores 
separated, the uterine pore and vagina situated on the right margin or near it. 
Testes numerous, occupying the posterior two-thirds of the body between the 
crura. 

Type genus: Acanthocotyle Monticelli, 1888. 
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Key to the Genera of Acanthocotylidae (from Price, emend.). 


IUD IN TREUMIEOWE LENORE dle de bie ssc caiosc vac esescgnesccscwtevence Acanthocotyle. 
Haptor without spines, but with radial muscular septa ................0 000 eee Lophocotyle. 


Acanthocotyle Montic., 1888. _ 

Montie. tooo 0.7, 10, 11, 13, 16, 20,'30,°34, 35, 36, 37, 42, 48, 52, 55, 57,,. 
58, 60, 66, 67, 87 (monotypic with A. lobianchi), 97,—in subfam. “ Tri- 
stomidae”’; Braun, 1890, 411, 412, 488, 523, 526, 529: redefinition ; 
(see Stiles & Hassall, 1908, for full refs.)}—Syns.: Acantocotyle of Montic., 
1888, 67—misprint ; Acanthocotile of Par. & Per., 1890, 11, 13—misprint ; 
Acanthicotyle of Scott, 1902, 301—misprint ; [non Acanthocotyle (canicula) of 
Fuhrmann, 1928, 23, fig. 32 a—misprint for Acanthonchocotyle c. Cerf.] ; 
Fuhrmann, 1928, 28: syst.—in Monocotylinae ; Sprehn, 1933, 9 (key), 23— 
follows Fuhrmann; Bonham & Guberlet, 1938, 592: tabular comparison 
of spp.; Price, 1938d, 189: syst.—in Acanthocotylinae Montic., sensu 
emend., Acanthocotylidae Price, Capsaloidea Price—with diagnoses; Brink-. 
mann, 1940, 44-54, 58, 60, 83: detailed comparison with related genera 
and morph. studies—key to species. 


The genus Acanthocotyle is a difficult one, and sufficient data on some species are lacking, but some 
of the characters used by Brinkmann (p. 54) to separate species appear to be unsatisfactory from the 
present point of view, and a modified key is given below. His second category in the key is concerned 
with the degree of crenulation of the margin of the haptor: but this is probably influenced by the 
mode of fixation and subsequent shrinkage, similarly the papillose nature of the body cuticle should 
not be used alone as a specific character. The relative width of the haptor and body is not used 
herein, owing to the possibility of this being vitiated by the contraction of the latter. The relative 
sizes of the haptor proper and larval haptor, appears to be a constant from some of the illustrations 
of the species which are available, but it is highly probable that this ratio decreases with age for the 
following reasons :—(1) In the larval forms studied by Bonham & Guberlet (1938, 596, 599) it was 
found that the larval haptor could be seen within the egg capsule of A. pugetensis and A. pacifica, 
but there is no large structure corresponding to the haptoral dise of the adult—so that this evidently 
develops more or less rapidly in post-embryonic life—and there is no evidence of its having reached 
maximum size in any given worm producing eggs (cf. Microcotyle spinicirrus) (Remley, 1942) ; (2) The 
ratio of the larval haptor to the haptor proper is consistently greater in the smaller-bodied species 
ofthis genus, and is smallest in the largest worms; (3) The measurements on the drawings of Guberlet 
and Price do not give consistent ratios for these structures when compared with the description in 
the corresponding text. Brinkmann was in ignorance of Price’s paper on this group (1988), so that 
he could not include the extended variations in A. verrilli which were found in his re-study of the species 
—e.g., 30 rows of haptoral spines, and the correction that the larval haptor bears 14+2 hooklets 
instead of ‘“‘ probably more than 20,” as stated by Goto (1899). These new data break down the 
separation between A. verrilli and A. borealis Brinkmann, and on comparing the figs. in Price’s and 
Brinkmann’s papers, this is at once obvious. 


Key to the Species of the Genera Acanthocotyle Montic. 


Number of rows of haptoral spines: about 20 (20-21)............ cece eee ee eee A. 
Number of rows of haptoral spines: more than 20 (30-47)............0.0 ee ee eee B. 
eer eat nummen oc epines, about. 150 -...--ciey ccs. cece cece ccc ce csc ecees a. 

oper mime enimen more than 200 ooo. o oss. ve ewe c esc cece cece ad. 

a. Testes: more than 30 (32-37); Cuticle smooth ..................eee ee A. williamsi. 
este slew than 50 (27); Cuticlo smooth.) 2... ke ce cee eee A. elegans. 
Testes: less than 30 (22); Cuticle papillose ..........6:. 2c cece cee scene A, oligoturus. 
aa. Testes: more than 30 (36) ; Cuticle papillose ..................ee0es A. lobianchi. 


Testes : less than 30 (20-30); Cuticle smooth ...............00ee000: A. monticellit. 
estes; lesa than 10 (7-9); Cuticle smooth .................eeeeeee A, pugetensis. 
2x2 
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B. Number of rows of haptoral spines more than 40 (40-47) .......+++eseeees A. pacifica. 
Number of rows of haptoral spines less than 40 (80-84) ........--sseeeeeee b. 
b. Total number of spines more than 300 (8308-397) ........--eee eee eeeee A, verrilli. 
Total number of spines less than 300 (266) ........-ceee eres cece eee eees A. borealis. 


Generic diagnosis.—Acanthocotylidae, in which the large discoid haptor 
bears numerous (20-47) radiating rows of broad spines with sharp recurved 
tips. The male copulatory organ is not cuticularised and is median or 
slightly displaced towards the side of the uterine opening. Uterus and 
(? when present) the vagina open together, usually on the right margin. 
The eggs are elongated, obtuse at the opercular pole and extended into a 
short filament ending in an attachment disc, at the other pole. The intestine 
bifurcates at the level of the genital pores into two unbranched crura. Para- 
sites on the skin of Rajidae. 

Type species: Acanthocotyle lobianchi Monticelli, 1888. 

A. lobianchi Montic., 1888. 

Montic., 1888 a, 7, 13, 15, 16, 19, 22, 23, 26, 29, 31, 34, 56, 87: on the skin 
of Raja clavata from the Mediterranean ; Montic., 1899, 75, 76, 77, 78, 80, 
81, 83, 84, 85, 87, 89, 91, 94, 97, 100, 101, 106, 107, 108, 111-113, 116, 117, 
pl. 1, figs. 1, 3, 4, 5, 6, 10, pl. 2, figs. 11, 15, 16, 18, 21, 22, 25, 26, 31, 33, pl. 3, 
figs. 34-43, 46, 47, 49-58 (as A. lobiancoi); Montic., 1892 g, 102, 104, 107, 
116, 120, 130, pl. 5, figs. 9-10, pl. 6, figs. 36-39 (p. 104: also as A. lobianchit) ; 
Montic., 1905, 72-73: discussion of criticisms made by Goto; Goto, 1899, 
285 (as A. lobianchor); Parona, 1912, 11 (as A. lobsanchoi)—on R. clavata 
from Naples; Furhmann, 1928, 6, figs. 7, 35 (as A. Lobsancor); Sprehn, 
1933, 23 (cited as A. lobianchoi); Bonham & Guberlet, 1938, 590, 592, 597: 
(as A. lobiancot), cf. with A pugetensis, and tabular data; Price, 1938 d, 
190-193: considers that Monticelli (1899) wrongly interpreted the genital 
complex of this sp.—when viewed in the light of Price’s findings on 
A. williamsi and A. verrilli (further supported by Bonham & Guberlet’s study 
of A. pacifica and A. pugetensis) that the vagina is absent in this genus, 
and that the cirrus pouch is very delicate and encloses a small cirrus followed 
by a large internal seminal vesicle; also that there are two large prostatic 
reservoirs, both lying free in the parenchyma and opening opposite to each 
other in a shallow genital atrium—it is thought that Monticelli mistook 
one of these vesicles for a vagina; Baylis, 1939, 474: records [? this sp.] on 
R. batis from 8. Devon; Brinkmann, 1940, 44, 45, 46-47, 53, 54, 83 (as 
A. lobianchoi): comp. anat.—with A. borealis, in which he demonstrates the 
course of the vagina with its two receptacula seminales—in addition to 
the two vesiculae seminales on the course of the vas deferens (see fig. 67 6 
herein)—and in ignorance of Price’s recent work, he does not question the 
presence of a vagina, though he discusses some discrepancies relating to 
amphitypy [=*“‘ situs inversus ”’] in Monticelli’s papers. 

[A. borealis Brinkmann, 1940, 34-54, 104-109, pl. 9, figs. 29-31, pl. 10, figs. 32-37, 
pl. 11, figs. 38-45 : on the ventral surface of Raja radiata from the North Sea, 
off Bergen, Norway: detailed anatomical descr. and comparisons. [This 
sp. is probably synonymous with A. verrilli, as many of the criteria overlap 
the revised limits or variation found by Price for .the latter sp. The 
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main difference appears to be in the fewer (total) number of spines on the 
disc—266 in borealis and 308-397 in verrilli—in view of the wide range of 
variation in the latter it seems probable that the former sp. may be a local 
variant. It is also within the bounds of possibility that these spines increase 
in number with the growth of the disc (age of worm) and that those off Norway 
may be slower growing, and have a lower size range than those from the 
W. Atlantic. ] 

branchialis Willem, 1906—see A. monticellii Th. Scott, 1902.] 

concinna Th. Scott, 1902, 301: mentioned only once, in connection with 
A. monticellii—considered as a probable lapsus calami for this sp. [non 
Thaumatocotyle concinna (Merizocotylinae)| as suggested by the context ; 
Price, 1938 d, 190 footnote ; Brinkmann, 1940, footnote p. 153 ;—considered 
herein as a nomen nudum. | 


A. elegans Montic., 1890. 


Montic., 1890, 191, fig. 3: on Raja clavata from Naples; 1899, 76, 77, 78, 
79, 80, 81, 82, 85, 87, 88, 91, 93, 97, 99, 100, 101, 106, 107, 108, 110, 113-115, 
pl. 1, figs. 7, 8, pl. 2, fige. 13, 17, 19, 23, 25 b, 28, 29, 32, pl. 3, figs. 44, 45 ; 
Sprehn, 1933, 23 (citation) ; Bonham & Guberlet, 1938, 590, 592, 597, tabular 
data, and cf. with A. pugetensis; Price, 1938 d, 190: as valid sp.; Brink- 
mann, 1940, 44, 45, 47, 53, 54, 83: comp. morphology. 


A. monticellit Th. Scott, 1902. 


Th. Scott, 1902, 300-302, pl. 13, figs. 31-33: on Raja clavata (said to be 
from gills and fins) from Aberdeen, Scotland ; Montic., 1905, 74, 75, figs. 4-5 
(as A. monticelli) ; Sprehn, 1933, 24 (citation); Bonham. & Guberlet, 1938, 
590, 592, 599: comp. morph. and tabular data; Price, 1938 d, 190: asa 
valid sp.; Brinkmann, 1940, 46, 47, 49, 50, 53, 54, 83: comp. morphology ; 
after examination of worms lent by Willem, Brinkmann considers that 
A. branchialis Willem must rank as a synonym of the present sp.; (refs. to 
A. branchialis are: Willem, 1906, 522, 523, 599-607, pl. 1, figs. 1-10—in the 
gill mucus of “ Raie bouclee” (?=f. clavata) from the Belgian Coast ; 
Bonham & Guberlet, 1938, 590, 592: tabular data and comp. anat.; Price, 
1938 d, 190, 192: as a valid sp.; Brinkmann, 1940, 44, 45, 46, 47, 49-50, 
53, 54, 83: comp. anat.). 


A. oligoterus Montic., 1899. 


Montic., 1899, 76, 77, 78, 80, 81, 84, 85, 87, 91, 100, 101, 105, 106, 107, 108, 
111, 115-117, pl..1, figs. 2, 9, pl. 2, figs. 12, 14, 20, 24, 25c, 27, 29, pl. 3, 
fig. 48: on Raja clavaia from Naples: points out that these specimens were 
from the skin of the ventral surface, whereas his other material, belonging 
to two spp., was from the dorsal side of the same host at Naples; Montic., 
1905, 73, 74, 75—on Raja punctata from the Mediterranean; Th. Scott, 
1902, 301: comp. anat.; Sprehn, 1933, 24 (citation); Bonham & Guberlet, 
1938, 590, 592, 597, 599: tabular data and comp. anat.; Price, 1938 d, 190: 
as a valid sp.; Brinkmann, 1940, 44-45, 47, 54, 83: comp. anat. 


A. pacifica Guberlet, 1936. 


Guberlet, 1936, 457-458, 461, fig. 3: on the gills and skin of Raja binoculata 
Girard, from Puget Sound, Pacific Coast of N. Amercia: prelim. note ; 
Bonham & Guberlet, 1938, 591-596, 597, 599, figs. 1-7: a redescription of 
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the sp. but referred to as n. sp. in the text [though there was no description 
of this sp. or of A. pugetensis in 1936, the fig. given of ““Acanthocotyle sp.” 
clearly refers to A. pacifica and is sufficient to define the species, hence it 
must be attributed to Guberlet, 1936. Also though A. pugetensis was not 
figured, its name was validated by the later description by Bonham & Guberlet 
and is still attributed to Guberlet, 1936]; on the skin of the ventral surface, 
and rarely on the gills, of R. binoculata Girard, R. stellata Jordan & Gilb., 
and R. rhina Jordan & Gilb. from Puget Sound; Price, 1938 d, 193: as a 
valid sp.; Brinkmann, 1940, 46, 50, 54, 83: comp. anat. 
A. pugetensis Guberlet, 1936. ) 

Guberlet, 1936, 457: prelim. note; Bonham & Guberlet, 1938, 596, 599, 

figs. 8-10: description—referred to as n. sp. [see above], on the gills of 


Figures 67 a-e. 


a, 6, d,e: Acanthocotyle verrilli [=A. borealis|—a, Complete worm, ventral view, showing four eggs 
at uterine pore; 6, Anterior region showing genitalia; d, The two morophologically anterior 
rows of spines from the disc ; e, Posterior region of disc and larval haptor with hooks (after 
Brinkmann). c: A. williamsi—Egg (after Price). 


Raja binoculata from Puget Sound, Pacific Coast of N. America; Price, 
1938 d, 193: asa valid sp.; Brinkmann, 1940, 46, 50, 51, 54, 83: comp. anat. 

A. sp. of Baylis & Jones, 1933, 629: on the skin of R. clavata and R. maculata 
from Plymouth: record only; a specimen of this sp. was later lent by 
K. I. Jones to the present author, and it appears to be identical with A. monti- 
cellii Th. Scott. 

A. sp. of Scott, 1906; considered by Brinkmann, 1940, 49, to be insufficiently 
described for identification. 
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A. verrilli Goto, 1899. 
Goto, 1899, 283-286, pl. 21, figs. 25-26, on “a skate” from Cape Cod, 
Atlantic Coast, U.S.A. ; Stafford, 1904 (May 3), 482, on Raja radiata Donovan 
from Canada; Montic., 1905, 71-75: comp. anat.; Manter, 1926, 110-112, 
figs. 86-88, on Raja erinacea from the Maine Coast, U.S.A.; Sprehn, 1933, 
24 (citation); Bonham & Guberlet, 1938, 590, 592, 596, 597: tabular data, 
comp. anat. and cf. with A. pacifica and A. pugetensis: consider Manter’s 
material to differ markedly from Goto’s, though in view of the variations 
shown by Price in his material, it is retained as a variant of the species ; 
Price, 1938 d, 192-193, figs. 10-11: redescriptions from ‘‘a blue fish,” 
from U.S. Nat. Mus. No. 7175—origin unknown: finds at least 57 testes 
(Goto stated 37 and Manter 52); number of rows of spines on haptor 30 
(Goto found 34 and Manter 32); Brinkmann, 1940, 46, 47-48, 50, 53, 54, 83: 
comp. anat. (in ignorance of Price, 1938), considers that Manter’s specimens 
are not verrilli, but probably belong to A. borealis. It is considered herein 
that A. borealis Brinkmann, 1940 (q. v.), is almost certainly a synonym of 
A. verrilli. (Figs. 67a, b, d, e herein.) 
A, williamsi Price, 1938. | 
Price, 1938 d, 190-192, figs. 6-9, on the skin of “a skate” from Salt 
Island, Aleutian Islands, N. Pacific: this sp. is very similar to A. branchialis 
[=A. monticellic], except for the number of spines on the disc. (Fig. 67¢ 
herein.) 
Lophocotyle Braun, 1896. 
Braun, 1896, 3, 7—created for L. cyclophora—monotypic genus, placed 
‘ in Monocotylidae ; Montic., 1905, 68-70: groups it with Dionchus, Merizo- 
: cotyle, Anoplodiscus and Lintonia ; Johnston & Tiegs, 1922, 125: in appendix 
: to Acanthocotylinae; Fuhrmann, 1928, 28: in Monocotylinae; Price, 
1938 d, 193: redefined and placed with Acanthocotyle in Acanthocotylinae. 
Generic diagnosis.—Acanthocotylidae, in which the discoid haptor is 
without rows of spines, but has a number of radial muscular ridges: the 
: larval haptor with 16 hooks, is borne on its margin at the posterior end, as 
| in Acanthocotyle. The intestinal crura are provided with diverticula. The 
: male and female pores are apparently not so widely separated as they are 
in the type genus: the testes are numerous. 
Type species: Lophocotyle cyclophora Braun, 1896. 
LL. cyclophora Braun, 1896. 
Braun, 1896, 1-8, figs. 1-3, on Notothenia sp., from Navarin, Puerto Toro, 
‘ Brazil (Hamburg Magellan Expedition); Price, 19386, 409: recorded 
Braun’s species, but remarks that they are described from two badly pre- 
served specimens; 1938d, 193: similar record; Brinkmann, 1940, 83: 
recognises validity of name. The description and figures do not warrant a 
detailed comparison with Acanthocotyle, particularly in regard to the genital 
system, which has not been well examined. 
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Suborder POLYOPISTHOCOTYLEA Odhner, 1912 (diagnosis emend.). 


Odhner, 1912, 350; Poche, 1926, 110; Fuhrmann, 1928, 28; Price, 1936, 12 ; 
1939 b, 80: redefined; (Syns.: Potycotyza Blainville, 1828, 569-570; 
OctospotHri E. Blanchard 1847, 340-341; EuroLtycotyLea Dies., 1850, 289, 
416; PonycotyLEa Dies., 1850, 288, 408; Ocrosoturia Troschel, in: Tros. & 
Ruthe, 1853, 521; Potysrommpa Vogt, 1851 203; PotystomEAE Tasch., 1879, 
235; PoLyopistHocoTtyLINEA Odh., of Fuhrmann, 1928, 28); Brinkmann, 
1940, 73: defined as those Monogenea with genito-intestinal canal. Since features 
connected with the haptor and anterior adhesive organs are found to be correlated, 
invariably, with the presence of the genito-intestinal canal—an organ often 
difficult to see in ordinary preparations—the diagnostic criteria of this suborder 
have been somewhat modified herein. 

Diagnosis of Suborder——Monogenea in which the functional haptor of the 
adult is developed immediately anterior to the larval haptor, or if the latter is 
retained, it develops six (or two) muscular suckers upon it. The (larval) anchors 
are often retained on the end of the body, but the larval hooklets very seldom. 
The haptor consists of separate adhesive units which may be supported by 
cuticular sclerites. Cephalic glands seldom well developed, but an oral sucker 
may be present or a pair of cuticular bothria within the mouth. Genital-intestinal 
canal present. 

Key to the Superfamilies of Polyopisthocotylea. 


1. Functional haptor of adult (probably always) developed on larval 
haptor, in the form of 6 (or 2) muscular suckers, with or without 
cuticular hook-like sclerites |. ..2 12... sere w vccis.s jenn aie ie ole eats ainia ote 2. 
Functional haptor of adult formed by a definite or indefinite number 
of clamp-like suckers developed laterally and immediately anterior 
GE VAN MA PGT 85. ip ble oan ons ose eccas let ele oles ies ane ee DICLIDOPHOROIDEA. 
2. Anterior end with Gyrodactyloid-like head-organs: Haptor with 6 
muscular suckers and 4 large anchors arising centrally on the 
SCALE OE WA OE i ape d we ie wie 6:59 whee, vedio Sia ees yee Hie en a a AVIELLOIDEA. 
Anterior end with an oral sucker (or 2 large glandular bothria in 
Diclybothriinae) : Haptor with 6 (or 2 in Sphyranurinae) muscular 
suckers, with or without persistent hook-like sclerites within them, 
and with or without 1 to 3 pairs of anchors: haptor not stalked.. PoLYSTOMATOIDEA. 


AVIELLOIDEA, n. superfam. 


Herein created for the anomalous genus Aviella, n. gen. (syn. Ankyrocotyle 
Vlassenko), which, though it may have closer affinities with Gyrodactyloidea, 
owing to its inadequate description and illustration, is here regarded as a 
transitory form between that superfamily and Polystomatoidea ; and because 
of the form of the haptor it is classed near to the latter superfamily. No other 
author appears to have considered this form. 

Superfamily diagnosis.—Polyopisthocotylea with a stalked haptor bearing six 
muscular suckers and four large anchors projecting from its centre. Body-form 
and head-organs Gyrodactyloid-like. 

Type (and only) family : AvIELLIDAE, n. fam. 


AVIELLIDAE, n. fam. 


Monotypic, with the characters of the superfamily. 
Type genus: Aviella, n. gen. 
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The new name Aviella proposed for this genus is the Latin diminutive of Avia=“ grandmother ”— 
to indicate the possibility of this being a relict genus showing ancestral characters which may unite 
the two suborders of Monogenea. 


Aviella, n. gen. 


Vlassenko, 1928, 229-248 (as “Ankyrocotyle, n. g.”—a homonym of Ancyro- 
cotyle Par. & Montic., 1903, according to the Int. Rules of Zool. Nomenclature, 
Art. 35, c): discussion of affinities, concluding that it belongs in Polystoma- 
tidae, though possessing certain characters of gyrodactylids. 

Generic diagnosis.—Aviellidae with two (? or three) pairs of head-organs 
opening on the antero-lateral margins of the body. Four eyes present. 
Intestine sac-like. Testis single, entire, in posterior half of body; ovary 
globular. (?)Common genital pore in median line, just posterior to the 
pharynx. 

Type species: A. barkalensis (Vlassenko, 1928). 

Vlassenko, 1928, 229-248, pl. 2, figs. 1-20: (as Ankyrocotyle baikalense) 
on the gills of Thymallus arcticus baikalensis from Lake Baikal. Owing to 
the rarity of the Russian publication, the author’s French summary is given 
below in toto. The figures, mostly of histological details, are very indistinct = 
the three showing gross features have been copied—figs. 68 a—-c herein. 


Figures 68 a-c. 


a-c: Aviella baikalensis—a, Complete worm; 6, Haptor—note six cup-like, unarmed suckers and 
four anchors; c, Anchor dissected away from haptoral tissue (after Vlassenko). 


French Summary (from Vlassenko, 1928, 248) :—‘“‘ Le corps de l’animal est ovale-allongé, aplati 
dans la direction dorso-ventrale, longue de 0-9 4 1-5 mm. Le bout antérieur est muni de quatre papilles 
cephaliques (Kopfzipfeln), portants 4 leurs extrémités les orifices conduits des glandes cephaliques, 
qui sont situées latéralement aprés le pharynx.” 

“ La région postérieure du corps—grossie et évasée passe & la région gréle cylindrique (la manche), 


_ qui se fini par le disque d’insertion (Haftscheibe) qui est tout & fait terminal. Ce disque est armé : 


de six ventouses ; de quatre gros crochets, qui sont renfermés dans des papilles, et avec un appareil 
tout particulier (Appareil-pincettes).”’ 

“ L’intestin en forme de sac non branché. (Exception unique parmi les Polystomes.) Dans la 
protoplasme des glandes salivaires on trouve beaucoup de grosses vacuoles qui portent au centre 


un grin. L/’appareil genitale femelle est supplé d’une partie toute particuliére composée de deux 


sacs musculeux qui réunissent par un canal gréle. L’un sac débouche dans la cloaque genitale, 


Sitinire dans un sac adenoide irrégulitrement replié et lobé, qui produit le secret glutineux pour fixer 
,} ws 
Vou. XXv.—ParT Iv. No. 20.—1946. 2¥ 
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les oeufs contre le substratum, (les oeufs d’Ankyrocotyle baikalense sont privés d’appendices d’insertions 
specials), L’article contient aussi quelques informations sur la structure histologique des organes 
génitaux restée jusqu’aé présent peu éclairée.” 

“Ankyrocotyle baikalense est une forme intervallaire entre les Polystomidae et Gyrodactylidae car 
elle porte six ventouses sur le disque d’insertion qui caractérisent les Polystomidae et quatre papilles 
cephaliques avec orifices des glandes cephaliques—caractéristiques pour les Gyrodactylidae.” 

‘La présence d’un des Polystomidae sur les branchies de Thymallus arcticus baikalensis est un fait 
d’une grande importance car jusqu’é présent, si notre information d’aprés la littérature que nous 
avions est juste, seulement Diplobothrium armatum Leuck. était trouvé comme ectoparasite d’un 
poisson d’eau douce (Acipenser ruthenus).” 


POLYSTOMATOIDEA Price, 1936. 


Price, 1936, 12: prelim. note; 19396, 80: diagnosis—to include fams. PoLy- 
STOMATIDAE and ONCHOCOTYLIDAE; 1942, 39: emend. fam. name: HEXa- 
BOTHRIIDAE Price, 1942 (—ONcHOCOTYLIDAE Montic.). 

Superfamily diagnosis.—Polyopisthocotylea, in which there is a sessile, or 
subsessile, discoid haptor (in the adult) bearing three pairs of cup-like suckers 
(one pair in Sphyranura): in PotystoMAaTIDAE marginal hooklets may be retained 
at the base of each sucker and there may be one to three pairs of anchors on the 
posterior margin-—or these may be lacking; in H®xXABOTHRIIDAE each sucker 
has a single semi-circular hook-like sclerite within it and the haptor bears either a 
muscular appendix (Hexabothriinae) ending in a pair of unarmed suckers and a 
pair of small anchors, or the appendix is non-muscular (Diclybothriinae) and bears 
two unarmed suckers and three pairs of anchors. An oral sucker occurs at the 
anterior end (except in Diclybothriinae, in which there is a pair of large glandular 
bothria on either side of the anterior end). The common genital pore opens in 
the mid-ventral line. Vagina always double, opening laterally. Parasites of 
amphibians, reptiles and fishes, rarely in the eyes of mammals. 

Type family: PoLysTOMATIDAE Gamble, 1896. 


Key to the Families of Polystomatoidea. 
Haptor with an appendix-like prolongation: suckers with a large hook-like 


BOLEUTRGT wists re a leipia-s ER's onlh bag la Won sinrslasetelata fad ayalNce stale tele ee HEXABOTHRIIDAE. 
Haptor without an appendix-like prolongation: suckers without a large 
hook like Balers 4575/3 5%4's 5.5 sofa: <is' wis, + 5 aU alw sh yp ler en eee eee eel POLYSTOMATIDAE. 


POLYSTOMATIDAE Gamble, 1896. 


Gamble, 1896, 53, 55, 73; Liihe, 1909, 6, 8(as PotystomIpAE Vv. Ben.); Stunkard, 
1916, 21; 1917, 298; Poche, 1926, 110; Fuhrmann, 1928, 28-29 (as PoLySTOMIDAE); 
Ozaki, 1935, 220: review of PotysromaTIpDAE; Price, 1936, 12; 1939 6, 80-81: 
re-defined (syns. PoLystoMIDAE Carus, 1863, 477 ; SpHYRANURIDAE Poche, 1926, 
110; DicotytipaE Montic., 1903, 336); Brinkmann, 1940, 74, 75, 76. 

Family diagnosis.—Polystomatoidea with a more or less well-developed oral 
sucker. Haptor discoid (bilobed in Sphyranura) bearing three pairs of suckers 
(two in Sphyranura); anchors, if present, borne directly on the haptor, between 
the posterior pair of suckers; 16 marginal hooklets, which seldom persist after 
the larval stages. Intestinal crura branched or simple, posterior and inter- 


=i 
. 


3 A SYNOPSIS OF THE MONOGENETIC TREMATODES. 339 
mediate anastomoses sometimes occur. Testis single or multiple. Vagina double 
(rarely absent). Parasites in the mouth, nasal cavities, pharynx, oesophagus and 
urinary bladder of reptiles and amphibia, and rarely in the eyes of mammals. 

Type genus: Polystoma Zeder, 1800. 


Key to the Subfamilies of Polystomatidae. 


eee aM ECCI T te ge SG eg so tog oda boosie asa vebemarscerneces POLYSTOMATINAE. 
EPIRA OMMOES RG be cas fe cs c's ccs sce wwaberervirs sceee ds ececs SPHYRANURINAE. 


POLYSTOMATINAE Gamble, 1896. 


Gamble, 1896, 75; (syn. Polystoma auctorum); Goto, 1894, 11, 62, 134, 154,. 
155, 158, 166-167 (Polystoma, sensu lato)—comp. anat.; Price, 1939 6b, 81: re- 
defined (syn. Polystominae Pratt, 1900, 650). 

Subfamily diagnosis—Haptor with six cup-like suckers. One, two or many 
testes. Vaginae (?, absent in Oculotrema) with ventro-lateral openings. 

Type genus: Polystoma Zeder, 1800. 


Key to the Genera of Polystomatinae (from Price, 1939). 
1. Vaginae absent: parasites of mammals ..............0.ssc cece ceecccees Oculotrema. 
Vaginae present : parasites of amphibia and reptiles .............. Mares, Side 2. 
RR St NSN LO BOLE Ty ee FoR le "s\n se. «0.0; alan, Cote 'afns de #19 died nly Ge 9 2/8 0.0 0:0 3. 
eee NV OLIG MGS ell ae 5 9 59 55's calsle sv 3° Gaiisiiidara/s hon sO ns ee eoeedes 4, 
ORM TTC SOON fala a3 /a.5 le e.< «alee 4 o:8, cles. s'ee8s ate didigiaie wie’ dle. sys.oe soe Diplorchis. 
Numerous testes; or rarely one, median... ...........ccessecescecceees Parapolystoma. 
4. Uterus relatively long, with many eggs ; numerous testes ........... Polystoma. 
Uterus short, usually with only one egg ; single testis ............. Pattee dks 
EER PUOE IDOI ANCHOUS 16 65 occ yew ots wie a hal Slaisleleig viele cd's aa eye ois Neopolystoma. 
Haptor with 1 or 2 pairs of anchors .............0seesececeseees 6. 
Se MRRP PAA ECO LE AENIGLLIILE Bert 'a) g cads) s etvce sot Siege A ete atin ei dalel 6a, ans) aye se d,c)< nie Polystomoidella. 
ME NIMET ISICON PARC TOUR «25, ain'a"oalen'e is «cles Ftisia te Sante s\e Pe arnaca lal. Polystomoides. 


Polystoma Zeder, 1800. 


Zeder, 1800, 199-203: included Linguatula serrata Frolich, 1798; Hexa- 

thyridium pinguicola Treuler, 1793 ; [according to Stiles & Hassall, 1908, 350— 

“the type was intended to be Planaria uncinulata [=Polystoma ranae], the 

name Polystoma was in MS. in 1788 based on this sp., see Zeder, 1803, 223.’”] ; 

Diesing, 1850, 412 (as Polystomum Zeder) (syns. : Planaria Braun ; Linguatula 

Frélich ; Fasciola Gmelin ; Hexathyridium Blainv. ; Polystoma Zeder.) ; Dies., 

1858, 371 (as Polystomum) ; Odhner, 1912, 337-351 ; 1913, 558-559 ; Stewart, 

1914 6, 195-205: review and full refs.; Ward, 1917,2: division of Polystoma 

¢ into subgenera ; Stunkard, 1916, 21; 1917,—review and key ; Poche, 1926, 

7 110; Fuhbrmann, 1928, 7, 9, 12, 13, 15, 21—fig. 31 c, 25, 28—-comp. anat. ; 

Ozaki, 1935, 195: definition of genus in restricted sense—accepting separation 

of Polystomoides ; Price, 1936, 12 ; 1939 b, 81: definition ; Brinkmann, 1940, 

76: affinities; Price, 1943, 84-85: syst. and key to 8 spp. considered valid— 

based primarily on presence and nature of the pre-haptoral intestinal anasto- 

moses. 

Generic diagnosis.—Polystominae which have one pair of anchors. Eyes 

present or absent. Testes numerous, occupying the region between the 
2x2 
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intestinal crura in at least the posterior half of the body proper. Uterus 
relatively short, pre-ovarial, and containing many eggs. Vaginae present. 
Parasitic in the adult state in the urinary bladder (and sometimes on the gills 
of tadpoles in the—neotenic—larval stages) of batrachians. 


Type species: Polystoma integerrimum (Frélich, 1791) Rud., 1808. 
P. integerrimum (Frolich, 1791) Rudolphi, 1808. 


Frélich, 1791, 103-105 (as Linguatula integerrima); Rud., 1808, xxxv, 
pl. 6, figs. 1-6 (as Polystoma 1.); 1809, 451-457, pl. 6, figs. 1-6: creates 
subgen. (Hexastoma) (as P. (H.) integerrimum) (syns.: Planaria uncinulata 
Braun, 1790, 58-61, pl. 3, figs. 1-3, in the urinary bladder of Rana esculenta 
from Germany ; Fasciola uncinulaia (Braun) Gmelin, 1790, 3056 ; Polystoma 
ranae Zeder, 1800, 203, 204-205, pl. 4, figs. 1-3 e, 3f, 3g, 3h, 32, 37—in 
the urinary bladder of Rana temporaria (Europe) ; and of Zeder, 1803, 203, 
pl. 3, fig. 4); Baer, 1826, 126; 1827, 680-689, pl. 32, figs. 7-8: anatomy 
(as Polystoma i.); Blainv., 1828, 571-572 (as Hexathyridium 7.); Kuhn, 
1829, 358: suggests a new gen. name “ Hexastoma” for Polystoma auct. 
apparently unaware of Rudolphi’s previous suggestion of this as a subgeneric 
name, reserving the latter for P. appendiculatum |=Hexabothrium a. (Kuhn) 
Dies.]; E. Blanchard, 1847, 331-334, pl. 9, fig. 4, pl. 14, fig. 3 (as Polystoma 1.) ; 
Diesing, 1850, 412 (as Polystoma 7.), in the urinary bladder of Rana temporaria, 
in spring, June and Sept.; of Pelophylax esculenta and of Bufo viridis, all 
the year round, except in winter; 1858, 372: in the urinary bladder of 
Rana platyrhinus at Heidelberg; Stieda, 1870, 675; 1871 (Jan.), 660-678, 
pl. 15, figs. 1-12; Zeller, 1872, 1-24, 25-28, pl. 1, figs. 1-9, pl. 2, figs. 1-8 : 
life history and development of larva ; 1876, 238-276, pl. 17 (as Polystoma 1.) ; 
Willemoes-Suhm, 1872, 29-39, pl. 3, figs. 3-11: life history and structure, 
cf. with that of P. ocellatum ; Kowalewski, 1895, 372-390, pl. 8, figs. 11-13 ; 
1896, 252: in Rana fusca; 1904, 24, in R. temporaria; Pégot, 1900, 
162: pathological result of worm migrating from the bladder into 
the coelom of a frog; Halkin, 1901, 291-363, pls. 10-14: embryology ; 
1902, 395-398; 1904, 444; Goldschmidt, 1902 a, 397-444, pls. 22-24, 
figs. 140: embryology ; 1902 6 (July), 398-399 ; 1902 c, 180-189, figs. 1-11: 
development ; 1902 d, 736; 1902 ¢, 874; 1905 (July), 64-65; 1909, 481: 
vitelline cells; Woodland, 1904, 404-405, 1 fig.; Liihe, 1909 6, 9, fig. 5: 
in &. temporaria, R. esculenta, Bufo variabilis, and Hyla arborea from 
Germany (as Polystomum 17.); André, 1910 a, 191-202, figs. 1-11: 
nervous system; 19106, 203-220, figs. 1-13: eyes (as Polystomum i.) ; 
Stewart, 19146, 200 (as Polystomum i.); Stunkard, 1916, 21-22; 1917, 
289, 290-291, 296-311, 326, pl. 6, fig. 45 (as Polystoma i.); Bychowsky, 
1928, 22-27, figs. 1-2: an abnormal ovary showing two separate follicles ; 
Fuhrmann, 1928, 7, 22, 23, 24, 26, figs. 15: whole worm—origl.), 33 (larva) ; 
Baylis, 1928, 333: record of Polystoma i. in Britain—no locality given ; 
Vlassenko, 1928, 232, 235, 238, 239, 240, 244: comp. anat. and cf. [Aviella] 
baikalensis ; Baer, 1932, 52: in the bladder of Rana agilis Thomas, from 
Switzerland—very rare; Gallien, 1932a, 1852: mneoteny; 19326, 77: 
neoteny ; 1933, 426: histology ; 1934 6, 229: larvae; 1935, 1-183, pls. 1-4, 
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figs. 1-31, text-figs. 1-12 : dimorphism and general biology—notes on evidence 
of differential growth and variability in egg-size ; 1938 a, 249-260 : specificity ; 
1938 b, 251-254 (as Polystomum 7.), in the urinary bladder of R. temporaria 
and R. agilis in France (not authentically recorded from any other host) 
[the form described in 1938 6, from Hyla arborea var. meridionalis is con- 
sidered as a separate species by Price, 19396, 81—see P. gallieni]; 
Bychowsky, 1933 a, 48, 52, 53, 57: infection intensity and distribution in 
difft. hosts near Kiew—in R. temporaria, R. arvalis and Bufo viridis; Paul, 
1934, 176, 180, 189: distribution of infection in Germany in R. temporaria, 
R. arvalis and Bufo viridis; (?) Ozaki, 1935 a, 195, figs. 1-3 (as Polystoma i.), 
in Rk. temporaria ornativentris from Japan [regarded by Price, 1939 8, 
82, as a distinct sp. (see P. ozakii)]; Paul, 1935, 442, named as P. 
integerrmum nearcticum, no descr.; 1938, 495-496, figs. 1-2 (as P. i. 
nearcticum), in bladder of Hyla versicolor from N. America: descr. [regarded 
by Price, 1939 6, as a distinct sp. (see P. nearcticum)]; (non Polystoma i. 
of Park, 1938 [=P. ozakw Price]); Baylis, 1939, 481: recorded from Cam- 
bridgeshire ; Price, 1939 6, 81-82: syst. review; 1943c, 84: in key to 
genus ; Brinkmann, 1940, 75, 76: comp. anat. This species is fairly common 
in R. temporaria round Cambridge, England—Dr. Tate, of the Molteno 
Institute of Parasitology, states that it occurs on about 5 per cent. of the 
frogs from this district; Mr. G. F. Friend has found it in the same host 
in Peebleshire, Scotland; and Mr. Harold E. Davenport reports it as very 
common in &. temporaria near Stoke, Staffordshire, ea (personal 


‘communication). (Figs. 69 a—-g herein.) 
P. africanum Szidat, 1932. 


Szidat, 1932, 506-521, figs., in the urinary bladder of Bufo regularis, from 
Africa; Price, 1943 c, 84 (key), and cf. with P. xenopi—both lack pre- 
haptoral intestinal anastomoses. 


RP. gallient Price, 1939. 


Price, 1939 6, 81 nom. nov. pro Polystoma sp. of Gallien, 1938, 251-254, 
2 figs., from the urinary bladder of Hyla arborea var. meridionalis Boettger, 
from France: P. gallient resembles P. africanum in lacking the three pre- 
haptoral anastomoses of the intestinal crura so characteristic of P. integer- 
rimum, but differs in having more robust hooks and in the absence of extensive 
invasion of the haptor by the posterior, united, branched, portion of the 
intestine ; Price, 1943 c, 84 (key), and cf. with P. xenopi. 


P. nearcticum (Paul, 1935) Price, 1939. 


Paul, 1935, 442; 1938, 495-496, figs. 1-2: (as Polystoma integerriomum 
nearcticum) from the bladder, genital ducts and kidneys, and also gills, of 
Hyla versicolor from Connecticut, and Hyla cinerea from Florida: con- 
sidered as the American prototype of the European form, since both show 
alternation of generations (neotenic form on gills); Price, 19396, 81, 82 
(as P. nearcticum): elevates the subspecies to species rank on the grounds 
that: the intestine is more like that of P. ozakii than of P. integerrimum, 
in that it shows a number of reticulate anastomoses ; the anchors (fig. 1 A) 
are less robust than those of P. integerrimum ; eye-spots are absent in the 
adult of P. nearcticum, and its branchial form has four pre-haptoral anas- 
tomoses, whereas that of P. inteyerrimum has a sacculate intestine (sic) ; 
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Price also considers that the specimens collected by Riley (1927)—“‘Poly- 
stoma sp.”—from the bladder of H. versicolor in Minnesota probably belong 
to this species. It is also recorded by Price in H. squirella from N. Carolina ; 
Price, 1943, 84 (key)—separated from P. ozakit by the roots of the anchors 
of the former being deeply cleft. 


P. naevius Caballero & Cerecero, 1941. 


a-g: 


Caballero & Cerecero, 1941, 615-621, figs. 1-2, in the bladder 
of Hyla baudinii from Potrerch Veracruz, Mexico: nearly related to 


Figures 69 a-g. 


Polystoma integerrimum—a, Complete worm, ventral view (vitellaria omitted) (original); 6, 
Anchor, from mature adult ; c, Gyrodactyloid larva ; d, Hook from larval haptor (after Gallien) ; 
e, Late developmental form (after Zeller); f, Neotenic form from gills of tadpole—at stage of 
maturity—vitellaria shown white, while the underlying intestinal branches are omitted but 
are practically co-extensive with the stippling ; g, Anchor from neotenic form (after Gallien). 


P. nearcticum, but differing from it in having the body and all organs 
considerably larger; the uterus contains only one egg and the pre-haptoral 
intestinal branches are reticulate; the anchors are robust but variable in 
shape ; Price, 1943, 84, recognised as a valid sp. (key)—where it is separated 
from P. nearcticum on the basis of the anchors of the latter being “ relatively 
slender.” 


\ 
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P. ozakii Price, 1939. 


Price, 19396, 81, 82: nom. nov. pro P. integerrimum of Ozaki, 1935, 
195, figs. 1-3, from the bladder of Rana temporaria ornativentris from 
Japan: the n. sp. being created on the basis of the pre-haptoral anastomoses 
being reticulate (as distinct from the three bridges in P. integerrimum) and 
the form of the anchors being distinct (syn.: P. integerrumum of Park, 1938, 
287-289, figs. 1-2, in R. temporaria in Korea), secorning to Price, loc. cit. 


P. rhacophori Yamaguti, 1936. 


P. 


Yam., 1936, 553-559, figs. 3-10, in the urinary bladder of Rhacophorus 
schlegelt var. arborea, from Japan: this sp. is allied to the European 
P. integerrimum, but is distinct on account of the numerous branching divert- 


icula being on the inner side of the main crura, whereas in P. integerrimum they 


are on the outer side—these branches frequently unite with their neighbours, 
but rarely with those of the opposite crus, the testes form a fine reticulum 
over the post-ovarian region when they are mature ; the anchors are distinct 
in that they lack a crest and basal incision ; Price, 1943 c, 84 (key)—separated 
from integerrimum by the intestinal diverticula in the former being relatively 
long and numerous and in the latter short and few. 

xenopt Price, 1943, 83-85, fig. 1, in Xenopus laevis from near Cape 
Town, 8. Africa: resembles P. gallient and P. africanum in the absence of 
intestinal bridges anterior to the haptor, and differing mainly in that the 
median diverticula are more numerous and do not join at the end of the 
body. 


Diplorchis Ozaki, 1931. 


Ozaki, 1931, 181-184; 1935, 213: defined for the first time (both papers 
published also in Japanese); Price, 19396, 82: accepts definition, but 
overlooks Lee’s sp. (1936). 

Generic diagnosis.—Polystomatinae with elongated body, intestinal crura 


_without diverticula and confluent posteriorly ; they enter the haptor. Two 


lateral testes, on the ventral side of the intestine; uterus very long with 
numerous eggs; it extends from the intestinal bifurcation, throughout the 
median region of the body and into the haptor. One pair of anchors present 
‘bearing an auricular crest.” 


Type species: Diplorchis ranae Ozaki, 1931. 


D. ranae Ozaki, 1931. 


Ozaki, 1931 a, 181-184; 1931 6, idem in Japanese ; 1932—in Japanese— 
life history ; 1935, 196-213, figs. 4-17, pl. 1, pl. 2, figs. 1-4, pl. 3, figs. 5-8 
(syn. Piplorchis Ozaki, 1935, 213—misprint for Diplorchis) ; 1936, 23-34, 
figs. 1-6, pl. 1, pl. 2, figs. A-D: on the morphology and biology of the larva, 
from the urinary bladder of Rana rugosa from Japan; Yamaguti, 
1936, 552, figs. 1-2: in the urinary bladder of R. rugosa in Japan: some 
emendations to original descr.—shows that though the intestinal crura come 


into very close contact distally, they are not confluent; Price, 19396, 81: 


syst.; Yam., 1940 6, 84-85: expts. show that larvae do not mature on the 
gills of R. rugosa, and that they may reach the urinary bladder directly 
without migration through the alimentary canal; development is slow in the 
bladder: one of two frogs infected simultaneously showed larvae after 234 


. days, and the other, young adults after a further 86 days. (Figs. 70a-c herein.) 
_ D. americanus Rodgers & Kuntz, 1940; emend. 


Rodgers & Kuntz, 1940, 34-40, figs. ; in the urinary bladder of Scaphiopus 
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couchii, from Oklahoma (as D. americana). Dr. Baylis (personal com- 
munication) points out that the specific name should, for grammatical 
agreement, be emended to americanus. 

D. nigromaculatus Lee, 1936, 124-132, pl. 9, from the urinary bladder of Rana 
nigromaculata from China. 

D. scaphiopodis Rodgers, 1941: emend. 

Rodgers, 1941, 153-157, figs. 1-5 : (as D. scaphiopt) in the urinary bladder 
of Scaphiopus bombifrons from Oklahoma. Dr. Baylis (personal com- 
munication) points out that the form of the specific name should have been 
scaphiopodis. 


Figures 70 a-c. 


a-c: Diplorchis ranae—a, Complete worm; 8, genital corona; c, anchor and 
larval hooklet (after Ozaki). 


Neopolystoma Price, 1939. 

Price, 1939 b, 81, 87-90: gen. created for the reception of Polystoma spp. 
which lack anchors on the haptor. 

Generic diagnosis.—Polystomatinae, similar to Polystomoides and Poly- 
stomoidella, except for the complete absence of anchors. Parasitic, usually 
in the urinary bladder, and rarely in the nostrils, of turtles. 

Type species: Neopolystoma orbiculare (Stunkard, 1916) Price, 1939. 

N. orbiculare (Stunkard, 1916) Price, 1939. 

Stunkard, 1916, 22-23; 1917, 298, 303, 310, 311-314, 316, 326, 374, 376, 
pls. 1-2, figs. 1-14, pl. 6, figs. 34-35, 48-44 (as Polystoma o.), in the urinary 
bladder of Pseudemys scripta from Rayleigh, N. Carolina, and from Chrysemys 
marginata from Chicago, Illinois, and Creston, Iowa; Ward—in Ward and 
Whipple—1918, 377, fig. 657 (as Polystoma (Polystomoides) o.)—key to spp. ; 
Price, 1939 b, 87-88, figs. 1, H-I (as Neopolystoma o.): considers several of - 
the MacCallum species to be synonymous (which were mentioned as syns. of 
Polystomoides o. by Price in prelim. note—1936, 12), syns.: Polystoma 
(Polystomoides) o., of Ward, 1917, 2; Polystomoides o., of Ozaki, 1935, 219— 
cf. with P. exhamatum ; Polystoma oblongum Leidy, 1888 (non of Wright, 
1879), 127, of Stewart, 1914, 203, from the bladder of Pseudemys rugosa from — , 
N. America ; Polystoma troosti MacCallum, 1918, 107-109, fig. 52, from the 
urinary bladder of Chrysemys troosti from New York Aquarium (from the 
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Southern States); Polystoma inerme MacCallum, 1918, 109-111, fig. 53, 
from the urinary bladder of Ch. elegans from New York Aquarium ; Polystoma 
elegans MacCallum, 1918, 112-113, fig. 55, from the urinary bladder of Ch. 
elegans from the New York Aquarium; Polystoma spinulosum MacCallum, 
1918, 113-114, fig. 56, from the urinary bladder of Ch. picta from the New 
York Aquarium ; Polystoma aspidonectis MacCallum, 1918, 117-118, fig. 59, 
in the nostrils and lungs of Trionyx ferow from New York Aquarium ; Poly- 
stoma floridanum Stunkard, 1924, 100, pl. 2, figs. 7-8, in the urinary bladder 
of Pseudemys floridana from Florida; Price, 1939 b, 88, also adds a new 
host—Pseudemys alabamensis Baur, and gives the following emended names 
of hosts from previous records :—Pseudemys scripta (Schoepft), Chrysemys 
belli marginata (Agassiz), P. troosti (Holbrook), P. elegans (Wied.), Chrysemys 
prcta (Schneider), Amyda ferox (Schneider), Malaclemys centrata concentrica 
(Shaw), and “terrapin” from : N. Carolina, Iowa, Illinois, New York, 
Minnesota, Oklahoma, Florida and Texas—‘‘ Judging from an examination 
of about 40 specimens from eight different hosts, it appears that either the 
worms commence to produce eggs long before attaining the maximum size, 


Figure 71. 


Neopolystoma orbiculare—Complete worm, ventral view (after Price). 


or that the influence of the host has a considerable effect on the ultimate 
size”; Fukui & Ogata, 1939, 196-200: compare Polystomoides o. (sic) 
with P. microrchis. (Fig. 71 herein.) 

NV. chelodinae (MacCallum, 1918) Price, 1939. 

MacCallum, 1918, 114-115, fig. 57: (as Polystoma c.) in the urinary bladder 
of Chelodina longicollis (Shaw) from the New York Zoological Park; Price, 
1939 b, 89-90, fig. 1, K : retained as a valid species, of the gen. Neopolystoma, 
until further material is available for study, for though it has a very close 
resemblance to N. orbiculare, the genital and vaginal apertures are much 
farther back, and the pharynx is larger in relation to the oral sucker. 

N. domitilae (Caballero, 1938) Price, 1939. _ 
Caballero, 1938, 107-108, pl. 2: (as Polystoma (Polystomoides) d.) in the 
urinary bladder of Chrysemys ornata from Mexico; Price, 19396, 90; (as 
_ Neopolystoma d.): sp. very near to NV. orbiculare—the main difference being 
that the number of genital hooks is 19-20 instead of 16, and the genital pore 
is more posterior. 
N. exhamatum (Ozaki, 1935) Price, 1939. 
Ozaki, 1935, 212, 217-219, figs. 24-28 : (as Polystomoides e.) in the mouth 
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and oesophagus of Clemmys japonicus from Japan; Price, 1939 6, 87: (as 
Neopolystoma e.); Fukui & Ogata, 1939, 199, 200 (as Polystomoides e.)— 
ef. with P. ocadiae. 

N. rugosum (MacCallum, 1918) Price, 1939: emend. 

MacCallum, 1918, 118-120, fig. 60: (as Polystoma rugosa) in the nostrils 
of Amyda ferox (Schneider) from the New York Aquarium; Stunkard, 
1925 a, 97: (as Polystomoides rugosa) considered as probably identical with 
P. opacum (Stunkard) [=P. coronatum (Leidy)], since it is from the same 
host and the same general location [though MacCallum pointed out (1918, 
117) that they were never in exactly the same place in the upper respiratory 
tract, and he thought that they might be incompatible]; Price, 1939 6, 
88-89, fig. 1, J : (as Neopolystoma rugosa) : considered more nearly related to 
N. orbiculare, N. chelodinae and N. terrapenis than to other spp., for in those 
mentioned there are 14-16 genital hooks, though they are larger than the 
14 genital hooks of N. rugosum, nor do the vitellaria meet in the middle line 
behind the pharynx, as they do in the other spp., and it is therefore considered 
by him as a valid sp. ; Dr. Baylis (personal communication) emends the name 
to N. rugosum. 


Figure 72, 


Oculotrema hippopotami—Ventral view (after Stunkard). 


N. terrapenis (Harwood, 1932) Price, 1939. 
Harwood, 1932, 2-3, 66, pl. 1, fig. 1: (as Polystoma (Polystomoides) terrapenis) 
in Terrapene carolina triunguis from Houston, Texas; Price, 19396, 90: 
provisionally held to be a valid sp., though it is very near to NV. orbiculare, 
but the vitellaria do not invade the post-testicular region as they do in the 
latter sp. 
Oculotrema Stunkard, 1924. 
Stunkard, 1924, 436-440: no definition; Price, 19396, 90: diagnosis. — 
adopted below. 
Generic diagnosis.—Polystomatinae in which the haptor is without anchors; 
there are no genital hooks, and the vitellaria do not extend into the 
posterior half of the body. Vaginae are absent. Parasitic on the eyes of © 
Hippopotamus. (Monotypic). 
Type species: Oculotrema hippopotami Stunkard, 1924. 
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O. hippopotami Stunkard, 1924, 436-440, pl. 16, figs. 1-6: collected, probably 
by Looss, near Cairo, Egypt, from the eye of a hippopotamus; Price, 1939 6, 
90: syst. (Fig. 72 herein.) : 

Parapolystoma Ozaki, 1935. 

. Ozaki, 1935, 220-221: definition—adopted below; Price, 1939 6, 81, 82: 
syst. . 

Generic diagnosis.—Polystomatinae with simple intestinal crura extending, 
with short diverticula, into the haptor, where they may, or may not, be con- 
fluent. Testis single or follicular, uterus long and containing many ova, 
extending from the genital pore to the posterior end of the body. One pair 
of distinctive anchors. 

Type species: Parapolystoma bulliense (Johnston, 1912). 


Figures 73 a-b. 


a-b : Parapolystoma bulliense—a, Complete worm, dorsal view ; 6, Anchor (after Johnston). 


P. bulliense (Johnston, 1912) Ozaki, 1935. 

Johnston, 1912, 297, figs. 1, 2, 18-28: (as Polystoma 6.) in the urinary 
bladder of Hyla lesueurii and H. phyllochroa from Australia; Stunkard, 
1916, 21-22; 1917, 297, 298, 302, 305, 307, 308, 309, 326: comp. anat. (as. 
Polystoma b.); Ozaki, 1935, 211, 220-221: (as Parapolystoma b., mentioned 
once as Parapolystoma bullience) ; Price, 1939 6, 82: as type of genus Para- 
polystoma. (Figs. 73 a—b herein.) 

P. alluaudi (de Beauchamp, 1913) Ozaki, 1935. 

de Beauchamp, 1913, 17-19, figs. 3-5: (as Polystoma a.) from an unknown 
batrachian host on the lower prairies of Mt. Kinangop, Kenya (it was found 
free in the pond, but the toads, Bufo regularis and B. taitanus, were common 
in the same pond, and the author thinks it infests one of these spp.) ; Stunkard, 

1916, 22; 1917, 297, 298, 299, 303, 305, 307, 310, 313, 316, 326: comp. anut. 
_ (as Polystoma a.) ; Ozaki, 1935, 212: comp. anat., p. 220 (as Parapolystoma a.). 
| 222 
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Polystomoidella Price, 1939. 

Price, 19396, 86. created for those members of Polystomoides with only 
one pair of anchors. ; 

Generic diagnosis.—Polystomatinae similar to Polystomoides, but differing 
in having only one pair of anchors. Parasitic in the urinary bladder of 
freshwater tortoises. 

Type species: Polystomoidella oblonga (Wright, 1879) Price, 1939. 
P. oblonga (Wright, 1879) Price, 1939 ; emend. 

Wright, 1879, 12-15, pl. 1, figs. 9-11 : (as Polystoma oblongum) in the urinary 
bladder of Aromochelys [Sternotherus] odorata from Toronto, Canada ; Goto, 
1899, 277, pl. 21, fig. 18: (as Polystoma o.); Stafford, 1900, 405, 414; 1902, 
483: (as Polystoma o.) in the urinary bladder of Chelydra serpentina from 
Canada; 1905 (April 11), 690, from the palate of Chrysemys picta and 
Chelydra serpentina from Canada; Stewart, 1914, 203: (as Polystoma o.), 


Figures 74 a-b. 


co 


eos mm, 


a-b: Polystomoidella oblonga—a, Complete worm, ventral view; 6, Anchor (after Price). 


non of Leidy, 1888, 127 [=Neopolystoma orbiculare]; Stunkard, 1917, 291, 

324-325, 326: (as Polystoma o.); Ward, 1917, 2: (as Polystoma (Poly- 

stomoides) oblongum) ; Ward (in Ward & Whipple), 1918, 377, key to spp. > 

(as Polystoma (Polystomoides) o.); Ozaki, 1935, 271: (as Polystomoides o.) ; . 
Price, 1936, 12: (as Polystomoides oblongus), syn. P. hassalli (Goto) ; Caballero, 
1938, 101: (as Polystoma (Polystomoides) o.) in the urinary bladder of 
Kinosternon integrum from Mexico; Fukui & Ogata, 1939, 200: key (as 
Polystomoides oblongum); Price, 1939 b, 86-87, figs. 1,E-F: redescr. (as 
type of Polystomoidella): lists the syns. mentioned above, and, on com- 
parison, finds that Polystoma hassalli Goto and P. (Polystomoides) h. of 
Ward, 1917, from “ Kinosternon pennsylvanicum”’ and K. subrubrum, are 
identical with the genotype, and hence also become syns. (on the ground 
that both have large anchors with incised roots); Caballero, 1940, 559, 
fig. 1; redescr. from material from K. integrum from Mexico: accepts 
genus of Price, but still holds that P. hassalli is a distinct sp.; Hughes, 
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Higginbotham & Clary, 1942, 133: accept Price’s syn. of P. hassalli, and 
host-list also includes Kinosternon hirtipes and Sternotherus carinatus—all 
from N. America; Dr. Baylis (personal communication) emends name to 
P. oblonga. (Figs. 74 a—b herein.) 
(?) P. hassalli (Goto, 1899) Price, 1939. 
Goto, 1899, 276-278, pl. 21, figs. 16-17: (as Polystoma h.) in the urinary 
bladder of Kinosternon pennsylvanicum at Bowie, Prince George Co., Mary- 
land ; Stewart, 1914, 203: (as Polystoma h.) ; Stunkard, 1916, 21 ; 1917, 291, 
297, 298, 307, 313, 322-324, 325, 326, pl. 5, figs. 30-33: (as Polystoma h.) in 
the urinary bladder of Aromochelys carinatus from Newton, Texas, and of A. 
odoratus from Rayleigh, N. Carolina, and from Chelydra serpentina from 
Walker, Iowa; Ward, 1917, 2: (as Polystoma (Polystomoides) h.); Ward 
(in Ward & Whipple), 1918, 376, fig. 653: key (as Polystoma (Polystomovdes) h.); 
Ozaki, 1935, 271 : (as Polystomoides h.) ; Price, 1936, 12 : (as Polystomoides h.) 
but as a syn. of P. oblongus [for oblongum (?)]; Bennett & Sharp, 1938, 241 : 
(as Polystomoides h.)—distinct from P. oblongum : host record ; in the urinary 
bladder of Sternotherus odoratus from Louisiana ; non P. (Polystomoides) h., 
of Caballero, 1938, 101 [=Polystomoidella whartoni of Price, q.v.]; Price, 19396, 
86-87, fig. 1, E (type specimen of P. hassalli)—regards this as syn. of » 
Polystomoidella oblonga; Fukui & Ogata, 1939, 200: in key as a distinct 
sp.—Polystomoides hassalli; Caballero, 1940, 562-563: accepts the generic 
separation of Price (as Polystomoidella), but still maintains that P. hassalli is. 
a distinct species. 
P. whartoni Price, 1939. 
Price, 1939 b, 86, 87, fig. 1,G: from the urinary bladder of Kzinosternon 
baurii Garmann, K. steindachneri Siebenrock, and K. subrubrum subrubrum 
(Lacépéde) from Florida, and in K. subrubrum hippocrepis (Gray) from Texas : 
(a renaming of Polystoma (Polystomoides) hassallii of Harwood, 1932, 2, 66. 
from Texas, and of P. (P.) oblongum of Caballero, 1938, 101 from Mexico— 
which become syns.); Caballero, 1940, 562, fig. 2: redescription of worms 
from the urinary bladder of K. hirtipes from Mexico—accepts the taxonomic 
alterations of Price, 1939, based on the characters of the anchors, which 
differ from those of P. oblonga (Wright) in being larger and without bifid 
roots. 
Polystomoides Ward, 1917. 
Ward, 1917, 2: as a subgen. of Polystoma Zeder, for those N. American 
polystomes which seem to be well differentiated from their European relatives 
, in having a short uterus containing only a single egg; Stunkard, 1924, 440: 
raises the subgenus Polystomoides to generic rank; Price, 1936, 12: also 
raises the subgen. to generic rank and states a number of syns. within the 
genus; Ozaki, 1935, 220: reviews the gen. and supplies key for all related 
genera; Paul, 1938, 489-510: syst.—characterises the genus as lacking a 
. true uterus and differentiated from Polystoma Zed. by having reptilian hosts, 
a single generation in the life-cycle and “skeletalized suckers”’ on 
the disc ; Caballero, 1938, 101: recognised as only a subgen. of Polystoma 
Zed. ; 1930, 559: accepts the generic partitions of Price ; Price, 1939 6, 81, 
84-86 : syst. studies and re-definition of Polystomoides, etc. 
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Generic diagnosis.—Polystomatinae in which the haptor bears two pairs 
of anchors (an outer larger and an inner smaller pair); a single testis and a 
short pre-ovarian uterus, usually containing only one egg at a time. The 
vitellaria extend into the posterior part of the body and vaginae are present. 
Parasitic in the mouth, oesophagus and nasal passages, and more rarely in 
the urinary bladder, of freshwater tortoises. 


Type species: Polystomoides coronatus (Leidy, 1888) Ozaki, 1935. 
P. coronatus (Leidy, 1888) Ozaki, 1935; emend. Price, 1936. 


? 


Leidy, 1888, 127: (as Polystoma coronatum) from “ terrapin” in Eastern 
U.S.A. ; Stewart, 1914, 202: (as Polystoma c.); Ward, 1917, 2: as Polystoma 
(Polystomoides) coronatum—type of the subgen.); Stunkard, 1916, 22, 23; 
1917, 298, 308, 311-314, 316, 326, pl. 3, figs. 15-21, pl. 6, figs. 37, 38, 40: 
(as Polystoma opacum Stunkard, 1916) in the pharynx and oesophagus of 
Trionyx ferox and Malacoclemmys lesweurti (misprinted as M. lesewrir) from 
Newton, Texas; 1917, 291, 297, 298, 316, 319, 320-322, 326, 384, pl. 4, 
fig. 27, pl. 6, fig. 42: descr. and comp. anat. (as Polystoma coronatum Leidy) 
in Pseudemys scripta from N. Carolina; Ward (in Ward & Whipple), 1918, 
378, fig. 658: (as Polystoma (Polystomoides) c.); Fukui & Ogata, 1939, 196: 
(as Polystomoides coronatum, and separately as P. opacum—cf. with P. 
microrchis—as P. megacotyle, and as P. microcotyle), p. 200—key to spp. ; 
Price, 1939 b, 83-85, figs. 1, B-D: (as Polystomoides coronatum) in Chelydra 
serpentina from Woods Hole, Mass.; from the study of original material 
considers the following as additional synonyms: Polystoma megacotyle 
Stunkard, 1916, 23; 1917, 298, 308, 310, 312, 319, 326, pl. 4, figs. 22-26, 
pl. 6, fig. 41: in the mouth of Chrysemys marginata from Creston, Iowa ; 
Polystoma (Polystomoides) megacotyle of Ward, 1917, 2; and of Ward (in 
Ward & Whipple), 1918, 377, fig. 656; Polystomoides m. of Stunkard, 1924 ; 
and of Harwood, 1932, in Pseudemys elegans from Rosenberg and Houston, 
Texas; of Ozaki, 1935, 217—cf. with P. japonicum ; Polystoma microcotyle 
Stunkard, 1916, 23-24; 1917, 298, 316-320, 326, pl. 5, figs. 28-29: in the 
mouth of Chrysemys marginata from Creston, Iowa; P. (Polystomoides) 
microcotyle of Ward, 1917, 2; and of Ward (in Ward & Whipple), 1918, 
377, fig. 655 ; Polystomoides microcotyle of Stunkard, 1924; of Ozaki, 1935, 
217—cf. with P. japonicum ; Polystoma albicollis MacCallum, 1918, 110-111, 
fig. 54, from Pseudemys elegans from the New York Aquarium ; Polystoma 
digitatum MacCallum, 1918, 115-117, figs. 58, 58a, 586: in the nasal 


cavities of T'rionyx [=Amyda] ferox and Aspidonectes spinifer [=Amyda 


spinifera] from the New York Aquarium. [Though Price, (1936, 12) in his 
preliminary note, quoting these syns. cites the type as Polystomoides coronatus, in 
his later paper he uses the spelling coronatum; Dr. Baylis (personal communica- 
tion) points out that the correct form of the name is that of Price, 1936]. 
Hughes, Higginbotham & Clary, 1942, 133-134: accept the taxonomic 
arrangement of Price, (19396) and give as emended names for the hosts 


of P. coronatwm (sic) :—Chelydra serpentina, Chrysemys picta, Graptemys — 


geographica, Pseudemys scripta, Trionyx ferox, and T. spinifera, all from 
N. America. (Figs. 75 a-d herein.) 
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P. japonicus Ozaki, 1931; emend. 

Ozaki, 1931 6 (named but not described) ; 1935, 212, 214-217, figs. 18-23: 

(as Polystomoides japonicum) in the mouth and oesophagus of Clemmys 
japonica from Saijo, Hiroshima, Japan; Fukui & Ogata, 1939, 196: 
(as P. japonicum), cf. with P. microrchis, p. 200, key; Price, 19396, 84: 
(as P. japonicum); Dr. Baylis (personal communication) emends the name 
to P. japonicus for the sake of grammatical agreement. 
P. kachugae (Stewart, 1914) Fukui & Ogata, 1936. 

Stewart, 1914, 195-215, pls. 26-29, text-figs. 1-3 : (as Polystoma k.) in the 
urinary bladder of Kachuga lineata from Lucknow, India; Stunkard, 1916, 
22; 1917, 297, 298, 307, 308, 309: (as Polystoma k.): comp. anat.; Fukui & 
Ogata, 1936, 765-770; 1939, 200—key: (as Polystomoides k.); Price, 
1939 b, 84: (as Polystomoides k.); Hughes, Higginbotham & Clary, 1942,. 
134: cite host as Kachuga kachuga. 


Figures 75 a-d. 


a-d: Polystomoides coronatus—a, Complete worm, ventral view; 6, Large anchor; c, Smaller inner 
anchor; d, Larval hooklet (after Price). 


P. megaovum Ozaki, 1936. 

Ozaki, 1936, 86-89, figs. 4-7, in the urinary bladder of Geoemyda spengleri 

¢ (Gmel.) from Loo Choo Island, Japan: name from the large rounded egg, 

y - which is at least half the diameter of the body; Price, 19396, 84: as a 

4 valid sp. of the gen. Polystomoides. 
P. microrchis Fukui & Ogata, 1936. 

Fukui & Ogata, 1936, 765-770 (in Japanese); 1939, 192-196, 200, 
figs. 2-4, in the mouth of Ocadia sinensis from Formosa ; Price, 1939 b, 84: 
syst. 

P. multifale (Stunkard, 1924) Ozaki, 1935. 

Stunkard, 1924, 97-100, pl. 1: (as Polystoma m.) in the mouth and 
oesophagus of Pseudemys floridana from 8. Florida ; Harwood, 1931, 98-100, 
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fig. 1: (as Polystoma stunkardi) in the mouth and oesophagus of Pseudemys 
hieroglyphica from Oklahoma; Ozaki, 1935, 220: (as Polystomoides multi- 
falz); Fukui & Ogata, 1939, 200—key: (as Polystomoides m.), regarding 
Polystomoides stunkardi as a separate sp.; Price, 19396, 84, 85-86: on 
re-examination of a series of specimens from both hosts thinks that the two 
spp. are identical—the separation was based mainly on the numbers of 
genital hooks, the original numbers given being :—P. multifalz, 100-124, and 
P. stunkardi, 92-109; but Price found that in his series the numbers varied 
from 82 to 130, so this widely variable factor is not one suited to specific 
diagnosis ; Hughes, Higginbotham & Clary. 1942, 134 : (as Polystomoides m.) : 
cite host name as Pseudemys floridana, for U.S.A. 


P. ocadiae Fukui & Ogata, 1936. 


Fukui & Ogata, 1936, 765-770 (in Japanese); 1939, 196-199, 200, 
figs. 5-7: in the urinary bladder of Ocadia sinensis from Taihoku, Formosa ; 
Price, 1939 b, 84: as a valid sp. of the gen. Polystomoides. 


P. ocellatus (Rud., 1819) Ozaki, 1935; emend. 


Rud., 1819, 125, 436-437: (as Polystoma ocellatum) in Testudo orbicularis 
from Arimini; Kuhl & Hasselt, 1822, 133: (as Polystoma mydae) in the nasal 
cavity of Halichelys atra; 1824—(as P. midas); Blainville, 1828, 571: (as 
Hexacotyle ocellatum); Willemoes-Suhm, 1872, 29-39, pl. 3, figs. 1, 2, 12: 
(as Polystoma o.): structure and development—cf. with P. integerrimum— 
in Emys europaea (Europe) ; Looss, 1885 6, 21, 22, 24, pl. 23, fig. 19—showing 
the distal ends of the excretory tubules—(as Polystoma ocellatum) ; Sonsino, 
1889, 283: (as Polystoma o.); 1893, 183: in’ Emys lutraria from Italy ; 
Dieckhoff, 1891, 267-274, pl. 9, figs. 11-19: (as Polystoma o.) anatomy and 
interpretation of sections (first to use this method for trematodes); Liihe, 
1909 6, 9: (as Polystoma o.) in the nasal cavity and oesophagus of Hmys 
europaea from Italy and Germany ; Stiles & Hassall, 1908, 352: (as Polystoma 
ocellatum) give the following host names :—Chelonia mydas and Cistudo 
europaea ; Stewart, 1914, 200-201: review of literature (as Polystoma o.) ; 
Stunkard, 1917, 289, 290, 291, 297, 298, 326: (as Polystomao.): comp. anat. ; 
Ozaki, 1935, 271: (as Polystomoides ocellatum)—cf. with P. japonicum ; 
Strankowski, 1936, 116-118, 1 fig.: (as Polystoma ocellatum): anat., in Hmys 
europaea from Poland; 1937, 1-20; Fukui & Ogata, 1939, 200—key: (as 
Polystomoides 0.) ; Price, 1939 b, 84: (as Polystomoides ocellatum) ; Hughes, 
Higginbotham & Clary, 1942, 134: (as Polystomoides o.): citing European 
hosts as Caretta caretta and Emys orbicularis. Dr. Baylis (personal com- 
munication) points out that Polystomoides ocellatum auct. should be P. ocellatus. 


P. oris Paul, 1938. 


Paul, 1938, 501-505, fig. 3, in the mouth of Chrysemys picta from New 
York : peculiar in having only one generation; Price, 19396, 84: very 
similar to P. coronatum, except for the diverticulate gut—accepted as a valid sp. 


SPHYRANURINAE Price, 1939. 


Price, 1939 b, 90, (syn. Dicotylinae Montic., 1903—invalid name because no 


corresponding gen. ; Dicotylidae Montic., 1903—-similarly invalid) ; Poche, 1926, 
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110: creates a separate fam. in place of invalid Dicotylidae Montic.— 
Sphyranuridae, including only the gen. Sphyranura; Fuhrmann, 1928, 29-30: 
includes Sphyranura in Polystomidae—no subfam. mentioned; the subfamily 
division of Price is retained herein. 

Subfamily diagnosis.—Polystomatidae in which the haptor bears only two 
large cup-like suckers. The anchors may bear accessory spines or spurs. 
Numerous post-ovarial testes and one or two rudimentary vaginae which do not 
open to the exterior. Intestine usually without diverticula. Parasites on the 
skin and gills of urodele amphibia. 

Type genus: Sphyranura Wright, 1879. 

Sphyranura Wright, 1879. 

(Syns.—imisprints—Spbyranura of Montic., 1888, Sphyrannra of Montic., 
1888, Sphyramura of Montic., 1888, Sphyranna of Park, 1937). Wright, 
1879, 12-14; Wright & Macallum, 1887, 1-48: emend. diagnosis—adding 
that the excretory bladders open dorsally and that there are no lateral 
vaginae; Odhner, 1912, 350: establishes gen. in Polystomatidae ; 
Fuhrmann, 1928, 7, 9, 10, 13, 20, 29-30: comp. anat. (wrongly attributes 
the genus to “ Wright & MacCallum ’’); Alvey, 1936, 229-240, 250; Price, 
1939 6, 90: syst.—adopts subfam. diagnosis for genus; Brinkmann, 1940, 
75: discussion of relationships and syst. 

Generic diagnosis.—Sphyranurinae with elongated body and a _ bilobed 
haptor distinctly marked off from body: bearing a large cup-like sucker 
in each lateral lobe and retaining seven larval hooklets on the margin of each 
lobe. The anchors are at least as long as the diameter of the suckers. 
Intestinal crura unbranched and confluent posteriorly. Testes in the area 
between the crura and extending to the anterior third of the body—to the 
level of the ovary. Common genital pore median ; cirrus armed with spines. 

Type species: Sphyranura oslerit Wright, 1879. 

S. oslert Wright, 1879. 

Wright, 1879, 15-20, 54-75, pl. 1, figs. 12-14: from the skin of Necturus 
maculosus Raf. from Canada; Wright & Macallum, 1887, 1-48, pl. 1: 
redescription ; Ward (in Ward & Whipple), 1918, 387, fig. 659: key to spp. ; 
Alvey, 1936, 229-252: comp. anat. with S. oligorchis; Fuhrmann, 1928, 
14, fig. 20; Vlassenko, 1928, 239, 242: ef. with [Aviella] baikalensis ; Price, 
1939 b, 90-91, fig. 1, L-M: redescr. of original material, finds that there 
are about 25 testes (12-16 originally stated), and that the vaginae 
function as a receptaculum seminis; Hughes & Moore, 1943, 291: comp. 
anat.—with S. euryceae. (Figs. 76 a-b herein.) 

a euryceae Hughes & Moore, 1943, 286-292, figs. 2-10: on the neotenic, pletho- 
dontid salamander, Hurycea tynerensis Moore & Hughes, 1939 from Pea Vine 
Creek, a tributary of the Illinois River, nr. Tahlaquah, Oklahoma, where a 

50 % infestation was recorded : young forms were found on the external gills 
and on the bases of the. fore-limbs, while the older forms were often on 
the bases of the hind-limbs and more generally scattered on the lower surface 

of the body; differing from other spp. in its lower size range: 760—2,700 

(mean 1,329); similar to S. oligorchis in having few testes (3-10: average 7), 

but is definitely smaller and the haptor relatively narrower ; anchors relatively 
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smaller and have one claw on the outer side opposite to the recurved tip 
and just distal to the bifurcation of the root ; the larval marginal hooks are 
absolutely larger ; the rudiment of only one vagina is present. 

S. oligorchis Alvey, 1933. 

Alvey, 1933.a, 140; 1933 6, 140—prelim. note on sp. and its life-cycle— 
on the skin of Necturus maculosus from Pennsylvania; Alvey & Martin, 
1934, 327: demonstration of two lymph vessels; Alvey, 1936, 229-252, 
pl. 10, figs. 1, 3-7, pl. 11, figs. 8-16: redescr. of morphol. and development : 
shows that in the development the ciliated larval stage is omitted in this sp.,. 


Figures 76 a-b. 


G*OSmar 


a-b: Sphyranura osleri—a, Complete worm; 6, Anchor (after Price). 


but there is no indication of ovo-viviparity as there is in Polystomoidella 
oblonga. The anchors and (7-1 pairs of) marginal hooklets are dispro- 
portionally large in the larval stages, and these are all retained in the adult 
stage; Park, 1937, 410: discussion on vitelline cells; Price, 19396, 91: 
redescr. ; finds 5—7 testes only, and that the seminal receptacle is non-functional ; 
Hughes & Moore, 1943, 291: cf. with S. euryceae. 
&. polyorchis Alvey, 1936. 

_ Alvey, 1936, 246, pl. 10, fig. 2: (host and distribution are not actually 
mentioned, though it is understood that they are the same as for S. oligorchis) ; 


20-23 testes, and vestigial receptaculum seminis; Price, 1939 b, 91: con- — 


siders that this sp. is probably synonymous with S. osleri, since a specimen 


of the latter from Toronto had 25 testes, but the anchors showed spines | 
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(not mentioned in the original descr. of S. polyorchis) and suggests that if 
these are found on further examination of the present “ species,” then 
synonymy can be established; Hughes & Moore, 1943, 291: comp. 
morphology. 


HEXABOTHRIIDAE Price, 1942. 


Price, 1942, 39: fam. Onchocotylidae auct. renamed owing to revised name of 
type gen.; syns.: Onchocotylidae Montic., 1903; Onchocotylinae Cerf., 1899— 
also Onchocotilinae of Cerf., 1899; Cerfontaine, 1899, 345-478 ; 1900, 436-438 : 
(as Onchocotylinae) : a revision of the appendiculate polystomes, for which three 
genera are created—Acanthonchocotyle, Squalonchocotyle and Rajonchocotyle, para- 
sitising, respectively, the elasmobranch fams. Scylliidae, Squalidae and Rajidae ; 
Montic., 1903, 336: raises Cerfontaine’s subfam. to family rank, and points out 
that Acanthonchocotyle Cerf. is a syn. of Onchocotyle Dies., which becomes the type 
gen. of the fam. (thus validating the sub-fam. and fam. names); Ward & 
Whipple, 1918, 375 : in apparent ignorance of the work of Montic. (1903)—remove 
Onchocotylinae Cerf. from Octocotylidae of v. Ben. & Hesse, 1863, and place 
it in Polystomidae (sic); Poche, 1926, 110: follows Montic., 1903; Causey, 
1926, 200: also in apparent ignorance of Montic. (1903), follows Ward & Whipple 
(1918), but regards all Cerfontaine’s genera as syns. of Onchocotyle Dies. ; Miller, 
1927, 221-229: disregards Montic. (1903) and follows Causey (1926) in retaining 
only the gen. Onchocotyle Dies., sensu lato; Hughes, 1928, 46:. accepts Cerfon- 
taine’s original classification im toto, without reference to subsequent authors— 
Onchocotylinae, subfam. of Octocotylidae; Fuhrmann, 1928, 29: includes 
Erpocotyle v. Ben. & Hesse, 1863, and Diclybothriwm Leuck., 1835, as well as 
all Cerfontaine’s genera in Onchocotylidae ; MacCallum, 1931, 1: follows Cerf. 
in gen. and subfamily nomenclature; Guberlet, 1932, 324-326: review of 
literature: accepts the revision of Montic. (1903), but retains the subfam. 
‘Onchocotylinae Cerf., which is placed in Polystomatidae; 1936 a, adopts 
the same generic nomenclature but accepts the fam. Onchocotylidae Montic., 
1903 ; Sprehn, 1933, 10-11, 26—-27—follows Fuhrmann ; Brooks, 1934, 259-267 : 
follows Fuhrmann and Montic. in nomenclature and adds a fourth gen.— | 
Heteronchocotyle from American Sharks; Dollfus, 1936, 399-421: revision of the 
subfam. Onchocotylinae inclusive of the three genera accepted by Montic. (1903) ; 
finds that the generic divisions are sufficiently clear-cut but that specific criteria 
are exceedingly difficult to assign, particularly those connected with the sucker- 
hooks (owing to their curvature being in more than one plane, and the hooked 
end appearing differently at different foci, representative figures cannot be made 
of them); Price, 1936, 12: (prelim. note) accepting, by implication, subfam. 
Onchocotylinae Cerf., as he creates a second subfam.—Diclybothriinae—in the 
fam. Onchocotylidae Montic.; Price, 1940, 76-78: creation of new gen. in 
Onchocotylinae—Rajonchocotyloides ; 1942, 39: taxonomic revision, showing 
that the fam. must be renamed Hexabothriidae ; the subfam. Onchocotylinae 
is renamed accordingly and divided into Hexabothriinae s. s. and Rajoncho- 
cotylinae (to contain the two genera parasitic on rays)—definitions and keys. 
Family diagnosis.—Polystomatoidea in which the six haptoral suckers are 
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provided with a large curved sclerite ending ina hook. An appendix-like structure 
occurs on the haptor bearing a pair of small “ cuticular suckers ” and one or three 
pairs of anchors. Testes follicular. Ovary tubular and tortuous—relatively 
large. Uterus always pre-ovarial. Intestinal crura, usually with median and 
lateral diverticula, confluent near the origin of the haptor; branches usually 
occur in the haptor and frequently in the appendix of Hexabothriinae. 

Type genus: Hexabothrium Nordmann, 1832. 


Key to the Subfamilies of Hexabothriidae. 


Haptoral appendix (not highly muscular) with three pairs of anchors: circum- 


oral sucker absent s. ii.i.. - wed. Net olere ow biel hin oieig 5k ee teeters ee DICLYBOTHRIINAE. 
Haptoral appendix (highly muscular) with one pair of small anchors: circum- 
oral‘sucker Prese@it) sii. fj... + hicw'sjs A ecten.s deine © cellos Uele ale canes eee te HEXABOTHRUNAE. 


HEXABOTHRIINAE Price, 1942 ; sensu emend. 

Price, 1942, 39-40: defined to include only those Hexabothriidae in which 
the vaginae do not unite before entering the transverse vitelline duct [Onchocotyle 
Dies. and Squalonchocotyle Cerf.]; Rajonchocotylinae Price, 1942, created for 
those members of the family in which the vaginae unite before entering the vitelline 
reservoir [Rajonchocotyle Cerf.—sensu lato]. In the present account, Rajoncho- 
cotyle Cerf. sens. lat. is not considered sufficiently different from its allies to warrant 
a separate subfam. status, and the subfam. Hexabothriinae herein is made co- 
extensive with Onchocotylinae Cerf., which becomes its exact synonym. 

Subfamily diagnosis.—Hexabothriidae having a strongly muscular haptoral 
appendix, bearing one pair of minute anchors and a pair of “ cuticular suckers ” 
at its tip. The hooked sclerites lie in the periphery of the suckers. Anterior 
adhesive apparatus in the form of a circum-oral sucker. 

Type genus: Hexabothrium Nordmann, 1832. 


Key to the Genera of the Subfamily Hexabothriinae, sens. lat. 


1. Vaginae parallel and separate for the whole of their length: Cirrus armed 


OF UmArMed (VS, Mh aloe. /S2 Ls hc d Halon tele cies on ee On ean eeE 2. 
Vaginae uniting to form a median canal: Cirrus unarmed ............ Rajonchocotyle. 
2+ Civrusiarmied avith spinese.6 ss)... <'<s/ce adelae ¢ = + ing) ar knee Hexabothrium. 
CIPS AMALIE |. zw aih's oie ¢ = Sols vim bon JOBS os Oe fel al 3. 
3. Suckers and their sclerites nearly equal in size.............000e cece cess Squalonchocotyle 
Suckers and their sclerites markedly unequal in size...............200 Heteronchocotyle 


Hexabothrium Nordmann, 1832. 


Nordm., 1832, 80: as new generic name for Polystoma appendiculatum. 
Kuhn, 1829—for which Kuhn, 1829, 357, had already suggested the generic 
name Hexastoma, leaving the name Polystoma unoccupied (he actually uses the 
name Octostoma for the other polystomes with 8 suckers—but both Hexastoma 
and Octostoma were preoccupied, and therefore invalid) ; Nordm. (in Lamarck) 
1840, 600-601: describes Hexabothrium as n. gen. for Polystomum 
appendiculatum of Kuhn ; Diesing, 1850, 289, 419, a renaming of Polystoma a. 
(Kuhn, 1829)—as Onchocotyle a.—with generalised definition ; Dies., 1858 e, 
314, 370-871 : Onchocotyle re-defined, and adds two other spp.—O. borealis 
and “O. scymni ainosi”; 1859, 488; Cerf., 1899, 347, 373, 402, 420, 436, 
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445, 446, 451, 455 : (as Acanthonchocotyle—a sub-division of Onchocotyle auct.) 
distinguished by having parallel vaginae, an armed cirrus and eggs with a 
single filament, and in parasitising Scylliidae; Montic., 1903, 336: reduces 
Acanthonchocotyle Cerf. to synonymy with Onchocotyle Dies., but retains 
the other genera of Cerf. in the same fam.; Fuhrmann, 1928, 5, 6, 7, 10, 11, 
13, 17: comp. anat. (as Onchocotyle) also fig. 316 (genital syst. of Oncho- 
cotyle sp.); Guberlet, 1933, 323, 324, 325, 326, 327: review of gen. (as. 
Onchocotyle) ; Sprehn, 1933, 27: includes only O. appendiculata and O. emar- 
ginata ; Dollfus, 1937, 399, 400, 401, 416: review—accepts 3 spp. cited 
below ; Price, 1942, 40: tax. revision (as Hexabothrium Nordm.). 

Generic diagnosis.—Hexabothriinae with an armed cirrus and long parallel 
vaginae which open separately into the transverse vitelline ducts. The eggs. 
usually have a long filament arising from one pole. Parasites of Scylliidae. 


Type species: Hexabothrium appendiculatum (Kuhn, 1829) Nordm., 1832. 
H. appendiculatum (Kuhn, 1829) Nordmann, 1832. 


Kuhn, 1829 a, 342; 1829, 6, 460-463, pl. 11, figs. 1-3 : (as Polystoma a.— 
though the gen. name Hexastoma was suggested, the combination was not 
actually used by Kuhn), on the gills of Scylliwm catulus, or “ Petite Rousette ”’ 
(sic); Nordmann, 1832, 80, pl. 5, figs. 6-7: (as Hexabothriwm a.)—a renaming 
of the suggested (preoccupied) Hexastoma of Kuhn; Nordm. (in Lamarck) 


1840, 600-601: again as Hexabothrium a. n. gen.); Dies., 1850, 419: (as 


Onchocotyle a.—a deliberate renaming, citing Nordmann’s name as syn.) ; 
1858 e, 371: (as Onchocotyle a.); Cerf., 1899, 374, 379, 382, 461-462, pl. 19, 
figs. 6, 14a: (as Acanthonchocotyle a.) on Scylliwm catulus Cuv. from Roscoft ; 
[non Onchocotyle appendiculata auctorum—see other entries—mostly as 
Squalonchocotyle spp. Owing to the lack of detail in most of the refs. in the 
literature to this sp., and indeed, the lack of any characters which can be 
regarded as of specific value in the description prior to Cerfontaine (1899), 
the designation of the genotype is uncertain. The description of Cerfontaine 
is from specimens from the same host caught in (?) the same locality as the 
type material, and is the only reliable one extant ; there is a need for a re- 
examination of these worms both from 8S. catulus and from 8. canicula. 
In his thesis on O. appendiculata Thaer (1851, 1-32, pl. 1, figs. 1-17, pl. 2,. 
figs. 18-35, pl. 3, figs. 36-45) has obviously presented a composite “ species ”’, 
since the descriptions and figures were, he admits, taken from specimens 
occurring on Mustelus vulgaris, M. laevis and Scyllium catulus from the 
Adriatic—most of the figures represent Squalonchocotyle spp.|; Guberlet, 
1933, 324, 327, 333 : comparative notes ; Sprehn, 1933, 27 : (as Onchocotyle a.) 
—the citation of rays among hosts shows a mixed concept of this sp. ; Dollfus, 
1937, 416: syst.—states that the type specimens have been lost and urges. 
re-examination of material from the type host and locality ; Price, 1942, 40: 
syst. (as Hexabothrium a.). 


H. canicula (Cerf., 1899) Price, 1942. 


Cerf., 1899, 374, 379, 382, 402, 462, pl. 19, figs. 5, 13, 14 b-c: (as Acanthon- 
chocotyle c.) on Scyllium canicula from Roscoff (syn. Onchocotyle appendiculata 
of Stossich, 1887—on the gills of S. canicula from Trieste); Sprehn, 1933, 27 : 
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(as a syn. of his O. appendiculata); Guberlet, 1933, 326, 327: (as Oncho- 
cotyle c.) redescr. from material on S. canicula from Naples (pl. 4, fig. 6—egg) ; 
Guberlet found what appeared to be identical worms on S. stellare at Naples— 
these descriptions agree with that of Cerf. (1899) except that this material 
is smaller in size ; Baylis & Jones, 1933, 629: (recorded as Onchocotyle appendi- 
culata) on a number of elasmobranchs, including Scylliwm canicula from 


Figures 77 a-l. 


Hexabothrium canicula—a, Complete worm, ventral view (Specimen 2, from Roscoff—June) ; 
b, Atypical egg, with an anterior filament which is continuous with the posterior filament of 
another (Specimen 7, from Plymouth—November); c, Egg in situ, and terminal genitalia 
(Specimen 1, from Roscoff—June) ; d, Cirrus and vesicula seminalis, ventral view (same specimen) ; 
e, The same, with cirrus completely withdrawn, ventral view (Specimen 6, from Plymouth— 
November); f, The same, profile view, with cirrus extended (Specimen 7); g, Closed sucker 
and hooks on appendix (Specimen 1); h, Open appendix-sucker and hooks (Specimen 6) ; 
4, Appendix hook, showing sphincter round tip (Specimen 7); j, #, Haptoral hooks of smallest 
and medium pairs (Specimen 7); J, Haptoral hook of largest pair (Specimen 1); (b-f drawn 
to the same scale) (Original). 


Plymouth, these most probably belong to H. canicula, similarly those worms 
recorded by Nicoll (1915, 371) from the same host may belong to this species ; 
Price, 1942, 40: syst. (as Hexabothrium c.). Specimens agreeing sub- 
stantially with the description of the type have been found recently at 
Roscoff and at Plymouth on 8. canicula, but though seven specimens of 
Scyliorhinus stellaris (Li.) [=S. catulus Day] were searched at Roscoff, no 
-‘monogenea were found on the gills. (Figs. 77 a—I herein). 
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H. canicula was found on two out of five S. canicula in June 1937, and on only one out of 34 in 
Sept.—Oct. 1938, at Roscoff (1-3 per fish). One, about the average size of the Roscoff examples 
(55 cm. long) examined at Plymouth in Nov. 1939, harboured very numerous worms (their distri- 
bution on the gills of both sides of the head was about the same—for gills 1-4 on the left the numbers 
were 2, 15, 14, 5). These specimens were examined in the living state (but all measurements were 
made from permanent mounts), and it was found that on the gill the worm carries the haptor at 
right angles to the body when the latter is fixed, and the worm swerves round in exploration of the 
gill-face. When a feeding-site is selected the oral sucker is applied to the gill, and mucus and epithelial 
debris was seen attached to the mouth. Very little erosion of the gill tissue was seen. Owing to 
the extreme mobility of the body proper on the haptor, the feeding position varied very widely— 
through an arc of about 300°. During the feeding period the appendix, therefore, occupied varying 
positions in relation to the body proper, but it is usually found pointing forwards : it does not appear 
to contribute to the attachment when the worm is sedentary. When, however, at comparatively 
rare intervals, the haptor is withdrawn from the substratum and the worm moves as a whole, with a 
leech-like movement, to some other region, the appendix takes up a terminal position on the haptor 
and is used as the posterior holdfast until a hold has been taken by the oral sucker. This latter 
then takes the substratum and the rest of the body is contracted upon it, the appendix suckers and 
apparently the minute anchors taking a hold farther forwards, when the oral sucker is released and 
the body extended again farther forwards. The haptor proper seems to take a minor role in attach- 
ment during locomotion. This note may help to explain the varying opinions expressed as to the 
orientation of the appendix and its function. 

It is to be regretted that larval forms are at present unknown in this subfamily, for without a. 
knowledge of their development the true morphological relationships cannot be interpreted. The 
above observations on feeding and locomotory attachment cover those of members of Squalonchocotyle 
and Rajonchocotyle, which were also made at Roscoff. From their appearance in whole mounts 
and in their staining reactions, the suckers of the appendix appear to be very similar in structure 
(though not in shape) to the oral suckers of Diclidophoroidea. Their fibres are highly refractile and 
may not be contractile on their own account (cf. figs. 86d, e) but expand and contract by virtue 
of deep muscle-bands in the appendix, which are attached to the walls of these (?) cuticular structures. 
They are unlike the bowl-shaped haptoral suckers in that they do not take the stain so readily, and 
their fibres (“ prismatic tissue ’’ of Goto) are very much coarser. These “cuticular suckers” are 
usually figured in the contracted state (fig. 77 g herein is in a partially contracted state), but when 
the muscles of the appendix are relaxed (when it is about to be applied to the substratum) the suckers 
open out and their margin is seen to be double: an outer fleshy rim and an inner lobed membrane 
(see also fig. 78 b, of Squalonchocotyle). Contraction and relaxation also have a marked effect on the 
outline of the end of the appendix—a fact not fully realized by Olsson (1876) when he differentiated 
his sp. Onchocotyle emarginata [=Rajonchocotyle e.] from related species by the emarginate 
character of the end of the appendix (ef. figs. 77 a, g, h, with figs. 78 b and 80a herein). The small 
anchors are difficult to depict in this subfam., since the Y-shaped shaft is expanded in a different 
plane from the curvature of the hook (figs. 77g, h, 1 are camera lucida drawings of some hooks— 
the last figure shows how the anchor is embedded in the substance of the appendix and the recurvea 
hook protrudes through the cuticle, surrounded, apparently, by a circular muscle). 

The three figs. 77 d, e and f show the armed cirrus from three different angles and in different 
states of extroversion and spine-display. Usually only one to a few eggs are present at a time in the 
uterus of this species, but there is a very disconcerting variation in their size and shape (which is 
also noted for the Rajonchocotyle spp., and which cannot be correlated with the season, locality, cr 
size of the worm bearing them, as the table on p. 360 will show. In one case only were two eggs 
seen to be joined by a continuous filament (fig. 77 6b), a condition which is characteristic of 
Squalonchocotyle catenulata, as described by Guberlet (1933, pl. 4, fig. 7), and of S. abbreviata forma B 
and forma D of Dollfus. These points are stressed since the egg-size has been used as a specific 
criterion by some authors. 

Another specific character which is of very questionable value is the size and detail of the large 
sucker hooks. Their orientation relative to the appendix is constant in all genera and species, but 
their relative size and thickness vary in individuals of the same species, and in the smaller individuals 
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(not fully developed) there is often an obvious discrepancy (see fig. 77 a, j, &, 1) which may approach 
the irregular condition of the sucker-sclerites of Heteronchocotyle (fig. 79 herein). The extent of 
curvature of these sclerites is influenced by the degree of contraction of the peripheral muscles of 
the sucker in which they are imbedded, because they are, to a certain extent, elastic. This fact 
makes all but a direct measurement of their size unreliable: some workers have expressed their 
size by a straight measurement from the hook to the farthest point in the curve, and MacCallum 
(1931, fig. 1) has used the distance between the two ends as a measure of size. Bracey (un- 
published thesis) has shown that the small spines on the hooked end of the sclerite are variable between 
individuals of the same species—a fact also noted in the present studies. As is mentioned by most 
workers, these sclerites are curved in more than one plane, which is an additional difficulty in 
describing them—they are half-moon-shaped in cross-section. In short, a great deal more study is 
required on these genera before reliable specific characters can be found. The species cited herein 
are, therefore, to be regarded as highly tentative attempts to separate the forms in the three genera 
(Heteronchocotyle rests on the dubious feature of extreme irregularity of the haptoral sclerites, and 
may prove to belong to Squalonchocotyle). 


Variation in Size (maximum length) of Eggs of H. canicula (Cerf.). 


Length. Specimen No. Length of Worm. Place of Origin. Month. 
200 pu a 6-7 mm. Roscoff June 
200 2 6-5 mm. Roscoff June 
200 » 4 ? (contracted) Roscoff Sept. 
182 uw 5 ? (contracted) Roscoff Sept. 
182 uw 3 7-0 mm. Plymouth Nov. 
140 uw 7 5-6 mm. Plymouth Nov. 

No eggs 6 5:85 mm. Plymouth Nov. 


The extreme length of all the appendix-hooks (small anchors) of all the above specimens varied 
between 52 yu and 54uy. 


A. musteli (MacCallum, 1931) Price, 1942. 
MacCallum, 1931, 2, fig. le,c’, pl. 1, fig. 5 (as Acanthonchocotyle 
mustelv) on the gills of Mustelus canis from N. America: a much smaller 
worm than the European spp.—c. 2 mm. (though Guberlet, 1933, found 
H.canicula between 3 and 4-5 mm.), and the haptoral sclerites are considerably 
stouter ; the vaginae are shown to open in the centre of a kind of “ cuticular 
sucker” composed of radiating (?) prismatic fibres of Goto; Price, 1942, 
40-41, figs. 1a, 24, 34: (as Hexabothrium m.) on the gills of Cynias canis 
(corrected name of type host): redescr. the original material—additional 
data and measurements—notes that the cirrus is armed with curved spines 
and the egg is about 170 long with a long posterior filament, and that its 
type locality is Woods Hole, Mass., U.S.A. 
Squalonchocotyle Cerf., 1899. 
Cerf., 1899, 347, 373, 420, 445, 446, 454-455, 456: creates the gen. for those 
‘ Onchocotylids ” parasitising Squalidae ; having separate parallel vaginae, 
an unarmed cirrus and eggs with 2 polar filaments; Stiles & Hassall, 1908, 
363 : report that in correspondence with Stiles (Jan. 21, 1907), Cerfontaine 
designated the type of this genus as S. borealis (v. Ben., 1853) Cerf., 1899 ; 
Goto, 1894, 5-6, 8, 10, 13, 15, 16, 26-28, 43, 44, 48, 49, 50, 51, 52-56, 57, 58, 
59, 62, 63, 67, 68, 75, 76-77, 84, 90, 91, 97-98, 105-106, 107, 108, 109-110, 
112, 115-116, 118, 119, 121, 122, 123-124, 129, 1381-132, 134, 145, 146-147, 
152, 153, 160, 161-162, 166: comp. anat.—states that there is a torsion of 
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the haptor so that the suckers come to lie on the dorsal side, 222-226, 257: 
syst. (as Onchocotyle Cerf.) ; Fuhrmann, 1928, 29 : includes the gen. Squaloncho- 
cotyle in fam. Onchocotylidae ; Sprehn, 1933, 27: recognises both Hrpocotyle 
v. Ben. & Hesse (monotypic) and Squalonchocotyle Cerf. and places them in 
Onchocotylidae (which is erroneously attributed to Cerf. instead of Montic.) ; 
Guberlet, 1933, 326: redefined (as Squalonchocotyle) ; Causey, 1926, 200: 
(as Onchocotyle sensu lato) ; Brooks, 1934, 259: (as Squalonchocotyle) ; Dollfus, 
1937, 399, 400, 401, 416-418: (as Squalonchocotyle Cerf.) divides the gen. 
into three groups according to the character of the polar filaments on the 
eggs (those with a single short filament, those with two filaments—neither 
longer than the egg itselfi—and those with two very long coiled filaments, 
which may, or may not unite the eggs into a continuous chain), and remarks 
on the difficulty of separating the species of the gen. on reliable criteria, 
but he describes four “ forms ”’ of S. abbreviata, which he hestitates to elevate 
to specific rank. In a footnote (p. 399) he points out that Hrpocotyle v. Ben. & 
Hesse, 1863, has priority over Squalonchocotyle Cerf., 1899, as he feels certain 
that they are identical, though he does not actually suppress the latter gen. 
in favour of the former; Price, 1942, 41, 43: revives Hrpocotyle v. B. & H. 
and reduces Squalonchocotyle Cerf. to synonymy. 


The arguments in favour of this by Price are far from convincing, for not only does he admit that 
the type H. laevis is quite unrecognizable, but he relies on the host-specificity of these forms to make 
E. laevis—from Mustelus laevis—congeneric with Squalonchocotyle spp., and of necessity this legendary 
species becomes the genotype of an already difficult genus. The ambiguity of H. laevis is further 
confounded, because there are already three other species described from ““Mustelus laevis’ (one of 
which is Hexabothrium), any one of which may be identical with it. Moreover, there is great 
uncertainty as to the identification of the host, since the genera Mustelus and Cynias are 
often confused, even by experts. It is resolved herein to regard Hrpocotyle and H. laevis as gen. et 
sp. ing., and to bear in mind that the only certain facts regarding the sp. is that it is an 
appendiculate polystome occurring on a member of the Squalidae. None of the generic criteria at 
present employed are figured or described by v. Ben. & Hesse, and, unless the original specimens 
are ever found, it seems better that the names be suppressed. 


Price, 1942, 40, 41, 48: divides Hrpocotyle [=Squalonchocotyle] into two 
genera, Hrpocotyle s.s. and Neoerpocotyle, with vitellaria extending, and not 
extending, respectively into the haptoral appendix—this step being taken in 
conformity with his dividing Rajonchocotyle s. 1. into two genera (R.s8.s. and 
Rajonchocotyloides Price, 1940) on the same grounds. In the present account 
these genera of Price are not adopted owing to the variability of the distribution 
of vitellaria in the same species at different ages and the lack of information 
on the occurrence of vitellaria in the haptor and appendix in some of the 
earlier described spp. (see Rajonchocotyle, p. 370, note). 

Generic diagnosis.—Hexabothriinae with separate, parallel vaginae, unarmed 
cirrus and eggs with a filamentous prolongation at each pole ; usually parasites 
of Squalidae. 

Type species: Squalonchocotyle borealis (v. Ben. 1853) Cerf., 1899. 
S. borealis (van Beneden, 1853) Cerfontaine, 1899. 
v. Ben., 1853, 59-68, figs. 1-11; 1859, 58-59: (as Onchocotyle 6.) (he cites 
as syn. O. appendiculata of Kroyer in MS., on the gills of Laemargus borealis 
VOL. XXV.—PART Iv. No. 23.—1946. 3B 
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from Greenland)—on the gills of Scymnus glacialis from the Belgian Coast ; 
Dies., 1858 a, 371: (as Onchocotyle b.); Cerf., 1899, 346, 356-358, 359, 360, 
361, 362, 364, 367, 368, 369, 372, 378, 374: (as Squalonchocotyle 6b.)—non 
Onchocotyle b. of Stossich, 1885 [=Rajonchocotyle prenanti]; Sprehn, 1933, 
11 (key), 27 (id. nom.) ; Dollfus, 1937, 411: syst.—in group of those spp. 
with short-filamented eggs; Price, 1942, 45: (as Erpocotyle 6.)—vitellaria not 
extending into appendix. (Figs. 78 f-h herein). 


S. abbreviata (Olsson, 1876) Cerf., 1899. 


a-e: Squalonchocotyle abbreviata—a, Haptoral hook; 6, Extremity of haptoral appendix, showing 


‘one sucker expanded and the two hooks (original—from a specimen on Squalus acanthias, from 


Olsson, 1876, 12, pl. 2, figs. 27-28: (as Onchocotyle a.) on the gills of 
Acanthias vulgaris from Skager-Rak; Cerf., 1899, 361, 368, 369, 375, 380, 
382, 460, pl. 19, fig. 3: (as Squalonchocotyle a.) on the gills of Acanthias vulgaris 
from Roscoff ; Laymann, 1930, 10-11, 54: (as Squalonchocotyle a.) on Squalus 


Figures 78 a-h. 


Roscoff) ; c, Tip of haptoral hook ; d, Appendix-hook ; e, Egg (after Cerfontaine—specimen on 
Squalus acanthias, from Roscoff). f-h: S. borealis—f, Tip of haptoral hook ; g, Appendix-hook ; 
h, Egg (after Cerfontaine—specimen on Scymnus borealis, from Ostende); (a—b to same scale, 
and f-g to same scale). 


acanthias from Peter the Great Bay, Pacific Coast, U.S.S.R.; no descr. 
or figs.; Sprehn, 1933, 27: (follows Fuhrmann); Dollfus, 1937, 402-416: 
(as Squalonchocotyle a.) distinguishes four forms or (?) varieties, all nearly 
related to S. canis Cerf., but distinguished from it, among minor points, 
by the absence of the upturned hook-tip on the haptoral sclerites, which is a 
character of S. canis ; Price, 1942, 45: (as Hrpocotyle a.)—gen. character being 
the lack of vitellaria in the appendix—removes the forms “ A,” “ B,” “C,” 
and “D” of Dollfus to independent species (H. galeorhini, H. eugalei, 
E. torpedinis and E, dollfusi respectively—q. v.). The four new spp. of Price 
are retained, with reservations, herein, but the criteria on which they are 
founded are no less questionable than those separating many other spp. 
of the genus. On each of the two Squalus acanthias (mature males) examined 
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at Roscoff in September 1938 there occurred one specimen of Squaloncho- 
cotyle abbreviata (Olss.). These agree fairly well with the descriptions of Cerf. 
of material from the same place—figs. 78 a-e herein. The main part of 
the body of these specimens was distorted in mounting, but the haptor 
and appendix shows two features not mentioned by Cerf. The appendix- 
suckers when opened, show a papillose inner membrane and a single 
stout triangular spine followed by a minute spine on the inner surface of the 
hook-end of all the haptoral sclerites (cf. figs. 78 a and c). The small anchors 
on the appendix appear to be much more slender than those shown by 
Cerfontaine. 
S. antarctica Hughes, 1928. 

Hughes, 1928, 46-47, text-figs. 1a, 16, 1c, pl. 9, figs.4-5: on the gills of 
Mustelus antarcticus from Port Philip Bay, Victoria, Australia; eggs 
with short filaments; Price, 1942, 45: (as Hrpocotyle a.)—vitellaria absent 
from the haptoral appendix. 

S. canis Cerfontaine, 1899. 

Cerf., 1899, 375, 380, 382, 398, 406, 410, 433, 443, 447, 450, 458-459, 
pl. 18, figs. 1, 2, 7, 12, pl. 19, fig. 2, pl. 20, fig. 12, pl. 21, figs. 2,6,10: on the 
gills of Galeus canis from Roscoff; descr. shows that the eggs in this sp. 
are subject to extreme variations—cutting across the three categories of 
Dollfus—the usual form being provided with two very long coiled filaments, 
but others having one short curved filament, while a few merely have polar 
knobs ; the appendix-anchors have roots of unequal thickness and a decided 
“heel” behind the recurved hook, and the tip of the hook of the haptoral 
sclerites has a distinct upward bend; Delage & Ephrussi, 1923, 243-247, 
figs. 1-3: study of musculature of haptoral suckers; Price, 1942, 45, 49: 
(as Hrpocotyle c. (Cerf.), non Squalonchocotyle canis of MacCallum, 1931 
[=Neoerpocotyle maccallumi Price}). 

S. catenulata Guberlet, 1933. 

Guberlet, 1933, 328-333, 334, pl. 4, figs. 1, 2, 4, 7, 8, 10: on the gills of 
Mustelus laevis from Naples—four out of six fish infected, one with more 
than 50 worms, most of which were immature sp. characterized by the eggs 
being united in a continuous chain, the branch of the intestine in the appendix 
having short diverticula, but the portion in the haptor proper being without 
them; oviduct long and coiled, and ovary also large and extending 
half its length beyond the elongated receptaculum seminis ; Dollfus, 1937, 
417-418—critical notes (as Squalonchocotyle c.): places it in the long-filamented 

¢ egg-group; Price, 1942, 44, 48 (as Neoerpocotyle c.): re-examination ; finds 
3 that vitellaria do extend into the haptoral appendix, but otherwise the 
definition of Guberlet is accepted; considers the following to be a syn.: 
Polystomum appendiculatum of Thaer, 1850, in part [non of Kuhn, 1829], on 

Mustelus vulgaris from the Adriatic. 

S. dollfusi (Price, 1942), n. comb. 
Price, 1942, 45 (as Erpocotyle d.) : nom. nov. pro Squalonchocotyle abbreviata 
forma “‘ D” of Dollfus, 1937, 411-416, figs. 19-24, on the gills of Hchinorhinus 
brucus (Bonnaterre, 1788) [=Hchinorhinus spinosus (Gmel., 1789)] from 
. 3 B2 
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Rabat, Morocco; Dollfus recalls that Wagener, 1857, 72, records an 
“ onchocotylid ” from this host as ‘“ Polystoma scymni ainosi,” but giving no 
description or fig., so that the name is a nomen nudum. He considers that it is a 
misprint for [S.] scymni spinosi, the host being named Scymnus spinosus. 
The features of this form include the eggs being connected by their filaments 
into a continuous chain, and vitellaria being absent from the appendix. Price 
notes that it differs sufficiently from H. abbreviata (Olss.) in the body-size 
and club-shaped vaginal termini to be a valid sp. 


S. eugalei (Price, 1942), n. comb. 


Price, 1942, 43, 45: (as Hrpocotyle e.)—nom. nov. pro Squalonchocotyle 
abbreviata forma “ B’”’ of Dollfus, 1937, 405-408, figs. 7-12, on the gills of 
Eugaleus canis (Rondelet, 1554) [= Squalus galeus Linn., 1758 = Galeus 
vulgaris Fleming, 1828], ‘“‘ capturé 4 la palangre devant Agadir. 3e campagne 
océanographique du 8.S. ‘ Vanneau’”’. Price notes that it differs sufficiently 
from S. abbreviata (Olss.) in the differences in the hooks, the vaginal pores being 
outside the crura and their relative position to the genital pore, as well as 
the eggs being joined in chains, to be regarded as a distinct sp. 


S. galeorhini (Price, 1942), n. comb. 


Price, 1942, 43, 45: (as Hrpocotyle g.) nom. nov. pro Squalonchocotyle 
abbreviata forma “A” of Dollfus, 1937, 402-405, figs. 1-6, on the gills of 
Mustelus asterias (Rondelet, 1554) [=Galeorhinus mustelus (Linn.)] from 
near Cap Blanc de Mauritanie (off Rio de Oro). Price considers that this 
form differs sufficiently from S. abbreviata (Olss.) in the body-size and in the 
shape of the haptoral sclerites to be a valid sp. 


S. ginglymostomae Brooks, 1934. 


Brooks, 1934, 264-265, figs. 2, 6a, 66: on the gills of Ginglymostoma cirratus 
from Tortugas, Florida. The worms were mature though very small (2-38 mm. 
long and 0-874 mm. wide). The uterus is voluminous and contains 8-10 eggs 
with long polar filaments, not uniting in chains. The vaginal pores are slit- 
like and the intestine has diverticula in the appendix but not in the haptor ; 
Dollfus, 1937, 419: (as Squalonchocotyle g.); Price, 1942, 49-50, figs. 1G, 
2H, 3G: (as Neoerpocotyle g.); re-examination of type material shows that 
the vitellaria extend into the appendix, and that the haptoral suckers are 
lined with tubercles similar to those on the oral sucker. ‘‘ Aside from the 
fact that this sp. is extremely small, it may be distinguished from all others 
by the peculiar branching of the appendicular caecum.” It seems 
most likely that both of these characters are dependent on the degree of 
development of the individual, as they have been found to vary in this 
way in Rajonchocotyle emarginata, q. v. 


S. grisea Cerfontaine, 1899. 


Cerf., 1899, 376, 381, 383, 461, pl. 19, fig. 8: on the gills of Hexanchus 
griseus from Naples; characterized by the very short polar filaments on 
the eggs, and by the genital, vaginal and excretory pores being all approx. 
at the same level; by the intestine having diverticula both laterally and 
medially ; the appendix anchors having very deeply cleft roots (the three 
branches thus being very nearly equal), the ventral root having a knob 
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facing the thin, sharply recurved hook—syn. Onchocotyle appendiculata of 
Taschenberg, 1879, 24-27, pl. 3, figs. 1-3, pl. 4, figs. 1, 3-6, on Hexanchus 
griseus from Naples, also of Par. & Per., 1890, on the same host from the 
Mediterranean, also of Stossich, 1898, from Trieste ; Dollfus, 1937, 417: (as 
Squalonchocotyle g.); Rees & Llewellyn, 1941, 391, 393 (as Squalonchocotyle g.): 
merely record its occurrence on the gills of Hexanchus griseus from the 
Porcupine Bank (160-200 fath.) off the W. of Ireland (2 fish exam.—one 
with 20 worms) ; Price, 1942, 40, 48: (as Neoerpocotyle g.)—vitellaria present 
in appendix. 

(?) S. laevis [=Erpocotyle laevis v. Ben. & Hesse, 1863]. 

v. Ben. & Hesse, 1863, 87-89, pl. 7 bis, figs. 1-9: on Mustelus laevis from 
the Belgian Coast; very inadequate description and figs.—impossible to 
identify ; Dollfus, 1937, 399: suggestion of its being congeneric with 
Squalonchocotyle spp. and generie name having priority ; Price, 1942, 41, 43: 
(as type of the gen. Hrpocotyle v. Ben. & H., to which all Squalonchocotyle spp. 
lacking vitellaria in the appendix are transferred; syns.: Polystomum 
appendiculatum of Thaer, 1850, partim on the gills of Mustelus vulgaris and 
M. laevis, and Squalonchocotyle vulgaris Cerf., 1899, gq. v., and of Guberlet, 
1933—q. v. In effect, Price takes Cerfontaine’s description of S. vulgaris 
as the genotype and re-names it Hrpocotyle laevis. For this and other reasons 
mentioned above, the gen. et sp. ing. is suppressed, as virtually a nomen 
nudum. 

[?] S. licha Rees & Llewellyn, 1941, 392, 393: name mentioned only—without 
reference to any description or figs., hence a nomen nudum—as occurring 
on the gills of Scymnorhinus licha from the Porcupine Bank (160- 
200 fath.) off the W. of Ireland. This material was collected by Mr. P. Bracey, 
and a full account has been given in an unpublished thesis. The egg has a short 
filament, the testes cease some distance anterior to the end of the body, 
and vitellaria are not present in the haptor or appendix. This species, 
however, cannot be regarded as valid until the publication of Bracey’s findings. 

8. maccallumi (Price, 1942), n. comb. 

Price, 1942, 49, figs. 1 F, 2G, 3: as type of Neoerpocotyle—nom. nov. pro 
Squalonchocotyle canis of MacCallum, 1931, 7-8, text-figs. 1 a, 1 a’, on the gills 
of Carcharias limbatus ; original material re-examined and distinguished as 
a valid sp. by the presence of a distinct band of vitellaria immediately anterior 
to the transverse vitelline duct, and the absence of vitellaria along the last 


part of the intestinal caecum in the appendix. The eggs have long coiled 
af filaments and the roots of the anchors on the appendix are short, broad and 

; symmetrical. 

p S. macrohystera (Price, 1942), n. comb. 

; Price, 1942, 43, 47-48, figs. 1 D, 2. D, 3 D: (as Erpocotyle m.), nom. nov. pro 


Squalonchocotyle vulgaris of MacCallum, 1931, 7, text-figs. 1d, 1d’, pl. 1, 
. fig. 4, on the gills of Carcharias milberti from Woods Hole, Mass.,—dis- 
Tg tinguished by the enormously distended uterus containing numerous eggs 
with short filaments, by the ovary being behind the mid-body, and by the 
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vaginal pores being on the median side of the crura. There are no more 
than 50 testes, and the haptoral suckers are lined with papillae like those 
on the oral sucker. The haptoral sclerites are markedly swollen towards the 
hooked end and the vitellaria do not follow the wide unbranched caecum 
into the haptor or appendix. 


S. mavori (Linton, 1940), n. comb. 


Linton, 1940, 11-13, pl. 15, figs. 189-196 : (as Onchocotyle m.) on the bottom 
of an aquarium in which were a number of Morone americana from Tashmoo 
Pond, Martha’s Vineyard, Mass.—though it is noted that it is extremely 
doubtful if the worms originated from these fish. The vaginae are not mentioned 
or figured, but the eggs have two long polar filaments and they are present in 
large numbers. The appendix-anchors are flattened and their roots are not 
separated by a very deep notch. The branch of the intestine in the haptor 
is without diverticula and vitellaria are present in the appendix; Price, 
1942, 49, 50, figs. 1 J, 2K, 3J (as Neoerpocotyle m.): after re-examination of 
the original material, considers that the sp. belongsto this genus, and states that 
it occurs on Sphyrna zygaena. 


S. microstoma Brooks, 1934. 


Brooks, 1934, 265-266, figs. 3, 7a, 76: on the gills of Sphyrna zygaena 
from Beaufort, N. Carolina; characterized by the intestine ramifying in 
the haptor, though the branch in the appendix is simple; disting. from 
S. sphyrnae on the same host by the small oral sucker, the absence of a wide 
hyaline area round the vaginal pores, the lack of a muscular cirrus and 
the position of the appendix—which is figured laterally; Dollfus, 
1937, 419: syst.—eggs with short filaments; Price, 1942, 49, 50, figs. 1 H, 
11, 3H (as Neoerpocotyle m.): re-examination, showing that the vitellaria 
extend into the appendix and that papillae occur on the haptoral suckers 
as on the oral sucker ; closely similar to N. tiburonis but distinguished by the 


small constricted oral sucker and the relative size and strength of the haptoral 
sclerites and egg. 


S. somniosi (Causey, 1926) Guberlet, 1933. 


Causey, 1926, 195-202, figs. A—D, pl. 9, figs. 1-16: (as Onchocotyle s.) 
on the gills of Somniosus microcephalus from the Pacific Coast of America 
(Excursion Inlet, Alaska); characterized by having a single short filament 
on the egg ; Guberlet, 1933, 326: (as Squalonchocotyle s.) ; Dollfus, 1937, 417 : 
(as Squalonchocotyle s.) ; Price, 1942, 43, 48 (as Erpocotyle s.): re-examination 
of type—figs. 1 H, 2H, 3 HZ; similar to Z. borealis but differing in the nature 
of the haptoral sclerites—in FH. somniosi the hook is inserted into the root of 
the sclerite in a similar way to that in Rajonchocotyle, while in EL. borealis 


msertion is more typical of Hrpocotyle spp. Vitellaria do not occur in the 
appendix. . 


S. sphyrnae MacCallum, 1931. 


MacCallum, 1931, 6-7, text-figs. 1 e, 1 e’, pl. 1, fig. 2: on the gills of Sphyrna 
zygaena from Woods Hole, Mass.; Brooks, 1934, 266: cf. with S. micro- | 
stomu ; Dollfus, 1937, 417: egg with short filaments; Price, 1942, 45, 
figs, 1B, 2B,3B: (as Erpocotyle s.) ; re-examination of the original material— 
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finds that vitellaria do not accompany the simple branch of the intestine in 
the appendix, and the sp. is distinguished by the hooks of the haptoral sclerites 
being relatively longer than in related spp. The testes are fairly numerous 
and the shaft of the anchors is wider than their roots. 


S. spinacis (Goto, 1894) Cerf., 1899. 


Goto, 1894, 224-226, pl. 15, figs. 1-10, pl. 16, figs. 1-8: (as Onchocotyle s.) 
on the gills of Spinax sp. from Odawara, Japan; eggs unknown. 
The intestine gives off simple branches to the haptor and appendix, but 
vitellaria are apparently absent in the latter. An unusual feature is the all- 
edged lack of diverticula throughout the length of the intestinal crura. The 
anchors have feebly separated roots. They are wide in the proximal half 
and the root, near the reflexed tip, bears a prominent tubercle ; Cerf., 1899, 
376, 380-381, 383, 404, 419, 424, 460-461, pl. 19, fig. 4: (as Squalonchocotyle s.); 
Price, 1942, 43: (as Erpocotyle s.). 


S. sp. (of Price, 1942, 48—as Hrpocotyle sp.): Immature specimens (U.S. Nat. 


Mus. No. 36722) from MacCallum’s collection, labelled “From a squid ” 
from Woods Hole, Mass. Characters allow only of a broad generic designa- 
tion. Haptoral sclerites—fig. 2 #—are distinctive in that the blades are 
relatively enormous, and it is stated that “‘ as roots of hooks seem to increase 
greatly in size as worms become mature, the relative size of the blades in 
this specimen may be of no significance.” 


S. squali MacCallum, 1931. 


MacCallum, 1931, 3-5, pl. 1, fig. 1, text-figs. 1 f, 1 f’: on the gills of Squalus 
acanthias from Woods Hole, Mass., differing from most spp. in lacking the 
branch of the intestine in the appendix, though there is a simple ramus in 
the haptor. The large eggs bear short filaments and the ootype is ribbed ; 
Dollfus, 1937, 417: (as Squalonchocotyle s.); Price, 1942, 43, 45, 47, figs. 1 C, 
20,3C: (as Erpocotyle s.) ; considers as syn. S. acanthi MacCallum, 1931, 5, 
text-figs. 1c, lc’, pl. 1, fig. 3, on the gills of Squalus acanthias from Woods 
Hole, Mass. ; redescr. from original material and finds no differences between 
the two spp. which could not be accounted for by technique; nearest to 
E. striata except that the latter has fewer testes (c. 60 in the former), and the 
egg of squali is without ridges. (MacCallum distinguished acanthi from squali 
by the former lacking the ribbed ootype.) 


S. striata (Miller, 1927) Guberlet, 1933. 


Miller, 1927, 221-229, pl. 14, figs. 1-8: (as Onchocotyle s.) on the gills of 
Squalus sucklii from Friday Harbour, Washington; characterized by the 
striated egg with two short filaments (the postr. filt. very short); Guberlet, 
1933, 326: (as Squalonchocotyle s.); Dollfus, 1937, 412, 417; Price, 1942, 
43, 48: re-examination of original material (as Hrpocotyle s.); vitellaria not 
extending into appendix. 


S. tiburonis Brooks, 1934. 


Brooks, 1934, 266-267, figs. 4, 8a, 8b: on the gills of Sphyrna tiburio from 
Tortugas, Florida. Some young specimens were found with the adult which 
they resembled in the size, shape and angularity of the haptoral sclerites, and 
the anchors on the appendix were of the same size. The intestine branches 


in the haptor, but the caecum in the appendix is unbranched. The 
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diffuse vitellaria enter the appendix. There are about 30 testes, elongated — 
transversally and narrow, and the egg has short filaments; Dollfus, 1937,419: (as 
Squalonchocotyle t.) ; Price, 1942, 49, 50, figs. 1 I, 2 J, 3 I (as Neoerpocotyle t.): 
re-examination of the original material—notes that the oral and haptoral 
suckers are covered with minute tubercles, and that though it approaches 
S. microstoma it is distinct and has a comparatively large oral sucker. 


S. torpedinis (Price, 1942), n. comb. 


Price, 1942, 43, 45: (as Hrpocotyle t.}\—nom. nov. pro Squalonchocotyle 
abbreviata forma “OC” of Dollfus, 1937, 410-411, figs. 13-18, on the gills of 
Torpedo marmorata Risso, 1810 [=Narcacion marmoratus (Risso)] from the 
Atlantic Coast of Morocco, and a specimen without eggs from the same host 
from Arcachon (Gironde); Dollfus (loc. cit., footnote, p. 410) notes that 
Par. & Per., 1890, 63, record 7’. marmorata Risso, as a host for “‘ Onchocotyle 
appendiculata Dies.” ; Price, 1942, considers that this form is sufficiently 
different from S. abbreviata (Olss.) regarding the form of the haptoral sclerites, 
and the short vaginae, with the vaginal pores posterior to the genital pore, 
that it may rank as a valid sp. Vitellaria are absent from the appendix. 


S. vulgaris Cerf., 1899. 


Cerf., 1899, 375, 379, 382, 403, 406, 409, 419, 427, 437, 438, 444, 446, 450, 
457-458, pl. 18, figs. 3, 4, 9, pl. 19, fig. 1, pl. 20, figs. 5, 8, 9-11, pl. 21, figs. 3, 
5,7,9: (syns. Polystomum appendiculatum of Thaer, 1850, 602-630, pls. 20-22. 
figs. 1-45—partim; Onchocotyle emarginata of Sonsino, 1890 (Nov. 16), 
176-177) on the gills of Mustelus vulgaris from Roscoff [also from the North 
Sea (v. Ben.) ?], from the Adriatic (Thaer), Trieste, etc.; non S. vulgaris 
of MacCallum, 1931, according to Price, 1942 —EHrpocotyle [Squalonchocotyle] 
macrohystera Price ; Guberlet, 1933, 327-328, pl. 4, figs. 3, 5,9: on the gills 
of Mustelus laevis from Naples (c. 50% infestation), associated with 
S. catenulata. The characteristic cuticular tubercles were seen round the 
oral sucker of the living worms—notes that the posterior pair of suckers and 
their sclerites are smaller than the others, and that the number of spines 
on the sclerites, just behind the hook, varies in this sp. from 6 to 10, and 
on account of the individual variation cannot be regarded as a specific 
character. The few uterine eggs had short filaments; Fuhrmann, 1928, 23, 
fig. 32 ¢ (egg); Dollfus, 1937, 416-417 (footnotes): (as Squalonchocotyle v.) ; 
Price, 1942, 43, 47: considers that S. vulgaris Cerf., 1899, and S. vulgaris of 
Guberlet, 1933, are syns. of Hrpocotyle laevis v. Ben. & Hesse. Owing to 
the unrecognizable nature of the latter “‘ species,”’ this interpretation of 
Cerfontaine’s species cannot be accepted here. 


Squalonchocotyle spp. inquirendae. ' 
S. sp. (?) Lebour, 1908, 44-45, pl. 5, figs. 9-12: (as Onchocotyle appendiculata) 


on the gills of Acanthias vulgaris from the Northumberland Coast ; insufficient 
descr. ; eggs 300 long, with a short filament at each end; recorded by 
Nicoll, 1915, 362 ; [?=/S. abbreviata (Olss.) Cerf.]. 


S. sp. (?) Layman, 1930, 10, 54: (as Onchocotyle appendiculata) on the gills of 


Mustelus mustelus manazo Bleeker from Peter the Great Bay, Pacific Coast, — 
U.S.S.R. ; no description or fig. 
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Heteronchocotyle Brooks, 1934. 


Brooks, 1934, 260-264; JDollfus, 1937, 419: summary of characters ; 
Price, 1942, 40, 50-51 : in Hexabothriinae s. s.—nearly related to Hrpocotyle 
[=Squalonchocotyle]. Since it has been found that the haptoral suckers 
and their sclerites grow at different rates inter se, and that, at least in 
Rajonchocotyle, in young (smaller) specimens they are more unequal than 
in older (larger) ones, the irregular sizes of these organs in the species separated 
here may not necessarily be of generic significance, and intermediate forms. 
may exist linking the genus to Squalonchocotyle spp. which it otherwise 
resembles so closely. 

Generic diagnosis :—Hexabothriinae, similar to Squalonchocotyle Cert., 
except that there is a marked dissimilarity in the size of the haptoral suckers 
and their sclerites, and a few testes may be anterior to the posterior border 
of the ovary. 


Type species: Heteronchocotyle hypoprioni Brooks, 1934. 
H. hypoprioni Brooks, 1934. 


Brooks, 1934, 260, 262, 264, figs. 1, 5a-d: on the gills of Hypoprion brevi- 
rostris from Tortugas, Florida; notes that the irregularity in size of the 
haptoral suckers and their sclerites is not symmetrical—there being two very 
large, one medium-sized, and three small; that the appendix-suckers are 
unconstricted, and that the anchors between them are distinctive—the roots 
are relatively long, and there is a triangular thickening joining them for 


Figure 79. 


Heteronchocotyle hypoprioni—Complete worm, ventral view (after Price). 


about half their length ; also that in one specimen the haptoral suckers appear 
to be laterally reversed ; size-range of six specimens being 4:5-6-0 mm. long 
by 0-9-1:5 mm. wide,—none contained eggs; Price, 1942, 50-51, figs. 1 K, 
22: re-examination of original material provides a few minor emendations. 
(Fig. 79 herein.) 


Rajonchocotyle Cerfontaine, 1899. 
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Cerf., 1899, 347, 373, 420, 440, 445, 446, 455-456; Stiles & Hassall, 1908, 
358 : note that Cerf., in correspondence with Stiles (Jan. 21, 1907) designated 
the type sp. as R. batis Cerf.; Fuhrmann, 1928, 15, 29, fig. 21 : (of Rajoncho- 
cotyle sp.) in Onchocotylidae ; Sprehn, 1933, 11 (key), 27: cites only one sp., 
R. batis; Guberlet, 1933, 324, 325: review; 1936a, 465, 466—n. sp. ; 
Dollfus, 1937, 399, 400, 418: review; Price, 1940, 78: erection of a new gen. 
Rajonchocotyloides for those Rajonchocotyle spp. in which the vitellaria 
extend into the appendix; 1942, 39, 51-53: erects subfam. Rajonchocoty- 
linae (co-ordinate with Hexabothriinae) for those Hexabothriidae in which 
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the vaginae unite to form a median canal before joining the vitelline reservoir, 
and which have eggs with meridional ridges and without polar filaments ; 
incl. Rajonchocotyle s. s. and Rajonchocotyloides. 

In discussing the extent of the vitellaria in Hexabothriidae, Cerfontaine (1899, 439) states: “.... 
il est constitué d’un grand nombre d’acines, réparties le long des ramifications intestinales, depuis 
le niveau de l’orifice de l’atrium génital, jusque dans la partie postérieure du corps proprement dit. 
C’est dans cette étendue, qu’on le trouve dansle plus grand nombre des cas. Il y a, cependant, des 
variations d’un individu 4 l’autre, aussi bien dans la partie antérieure que dans la partie postérieure . . . 
En arriére il s’arréte généralement un peu en avant de l’anastomose des trones intestinaux, d’autrefois 
on peut le poursuivre jusqu’a cette anastomose, et on le trouve méme jusque dans l’appendice caudal.” 
Price, on the other hand (1942, 43), albeit after the examination of a different selection of Hexa- 
bothriidae—from the New World—states: ‘On the contrary, it has been the experience of the 
present writer that this character [presence or absence of vitellaria in appendix] is quite dependable 
and apparently generic.” 

In the present studies on Rajonchocotyle emarginata it has been found that the amount of vitellaria 
in the haptor and appendix varies, and increases with age. The follicles are always difficult to see 
in this family, since they are often obscured by the heavy pigment-granules which surround the rami 
of the intestine round which they are embedded. In very young worms the rami in the haptor 
and appendix are short and sacculate, and the pigment-granules are sparse, and vitellaria absent, 
but they grow in extent and complexity. Meanwhile the vitellaria accumulate, till in the largest 
specimens (see fig. 80a) the fully branched caeca in the haptor and appendix are completely 
surrounded by pigment-granules and vitellaria. 

It is not possible to accept either the generic distinctions of Price or his 
new subfamily, owing to the variability of the development of the vitellaria 
throughout individual development, and the belief that the criteria selected 
do not constitute subfamily characters. Accordingly in the present account 
Rajonchocotyle Cerf. is retained, inclusive of Rajonchocotyloides Price, in the 
subfam. Hexabothriinae emend. (syns. Onchocotyle auct., partim, Rajoncho- 
cotyloides Price, 1940, Rajonchocotylinae Price, 1942). 

Generic diagnosis :—Hexabothriinae in which the vaginae unite to form 
a median canal before entering the vitelline reservoir. The ovary is in the 
anterior half of the body, the penis unarmed, and the eggs have meridional 
ridges but are without polar filaments. In the adult the haptoral suckers 
and their sclerites are nearly of the same size. 

Type species: Rajonchocotyle batis Cerfontaine, 1899. 

R. batis Cerf., 1899. 

Cerf., 1899, 376, 381, 382, 383, 442, 451, 462-463, pl. 19, figs. 11, 12, pl. 21, 
fig. 12—(syn. Onchocotyle appendiculata Olsson, 1867, 20; 1876, 11: on 
Raja batis from Skager-Rak)—on the gills of R. batis from Ostende ; character- 
ized by the very large haptoral suckers and the vagina having a much longer 
stem than in Rajonchocotyle alba, also by the eggs having one end bluntly 
pointed, the other rounded. The roots of the small hooks are slender, and that 
further away from the recurved tip is the longer ; Dollfus, 1937, 418 (syst.) ; 
Rees & Llewellyn, 1941, 392, 393: record only, on the gills of Raja batis 
from Porcupine Bank, off W. Coast of Ireland. (This material has been 
described by Mr. Bracey in an unpublished thesis); Price, 1942, 50: (as 
Rajonchocotyle b.—type of the restricted genus); (see note on p. 374 herein). 

R. alba Cerf., 1899. . 


Cerf., 1899, 377, 381, 383, 407, 408, 413, 417, 420, 483, 437, 438, 444, 446, 
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450, 463-464, pl. 18, figs. 5, 6, 8, pl. 19, fig. 9, pl. 20, figs 1, 2, 3, 6, 7, pl. 21, 
figs. 1, 4, 8, 11, 13, 14, 15: on the gills of Raja alba from ee differs from 
Rajonchocotyle batis in having a short vaginal stem and the eggs relatively 
wider and more rounded, with small knobs at the poles. The anchors are 
wider and their roots much shorter, and the hook-tip of the haptoral sclerites 
is finely pointed. Fuhrmann, 1923, 18, 19, 23, figs. 27, 32 e: anat.; Dollfus, 
1937, 418: syst.; Price, 1942, 50 (as Rajonchocotyloides a.) ; [Raja ibe Day 
=R. marginata Lacep. =R. macrorhynchus Raf. partim|—the second name is 
valid (Norman, 1935). 
R. blandae (?), n. sp. 

A single specimen found on the gills of Raja brachyura at Roscoff (24. ix. 38), 
which agreed in general with Rajonchocotyle emarginata, but showed some 
characters which may justify the erection of a new species for it. In other 
Hexabothriinae, all specimens from the same host, or deemed to belong to the 
same sp. have been found to have anchors of nearly constant size, even the 
youngest individuals, but the anchors in the present specimen are nearly twice 
the length of those of R. emarginata examined. The arms of the “ Y ”’ are 
48-5 w long, and their ends separated by 45-5, while the stem of the “ Y ” 
measures 28-5 long, and has a short recurved tip not included in the measure- 
ment. The egg- are oblong-oval and deeply ridged (figs. 80 f-g). Two 
extremes of the large number of slightly varying eggs measure: 205x111 u 
and 21691. The cirrus differs considerably from that of any other sp. 
so far described in detail, in that it has a strongly cuticularized ovoid, posterior, 
vesicula seminalis, and the cirrus itself appears more slender than in 
R. emarginata. Total length 9-3 mm., and width at ovary level 2-1 mm. 
(Figs. 80 e-g herein.) 

[?] &. clavata Bracey (in MS.). 

From the gills of Raja clavata. Length-range 3-8-9-8 mm., oral sucker 
0-21 x0-31 mm., pharynx 0-12 0-08 mm. ; vitellaria present in the haptor 
and appendix in mature specimens; median vaginal canal five to six 
times the length of the paired canals ; vaginal pores at the level of the base 
of the cirrus, projecting on to the intestinal crura. The egg measures 
180 x 75 pw, has seven facets, and a knob at each pole. The anchors are 45 u 

; long, with the ventral arm only 22-7 long, and there is a flange between 
the arms—otherwise the species is said to be very near to R. emarginata. 

The above notes and others are added with the kind permission of Mr. Paul Bracey, to whom the 

- author is indebted for the loan of his unpublished thesis on Hexabothriinae. . 
£ R. emarginata (Olsson, 1876), n. comb. 

Olsson, 1876, 11-12, figs. 23-26: (as Onchocotyle e.) on the gills of Raja 
clavata off the Swedish Coast. In the definition it is stated that “ appendix 
is unarmed, with emarginate apex, and the figure shows the appendix with a 
slight emargination at the apex. In the text it is stated that the species is dis- 
tinguished from Onchocotyle appendiculata of Olss., 1867, 20—from Raja batis— 
by the body being longer and flatter, and the appendix not being divided at 
the tip in the latter; Sonsino, 1890 (Nov. 16), 176, 177: (as Onchocotyle 
appendiculata) on R. clavata ; in discussion makes the significant remark that 
criteria relating to the shape of the haptor and other soft parts are invalid, 
302 
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since they are affected by technique, and that the relative positions of the 
appendix and suckers are dependent on axial movement and contraction of 
the worm, and are not constant features, though they have been used by 
authors in specific diagnoses ; Sons., 1891, 258: record of “ O. emarginata ” 
on Raja clavata from Italian coast; Cerf., 1899, 365, 368, 369, 375, 378 
(as Onchocotyle emarginata); Sprehn, 1933, 27: listed as Onchocotyle e. ; 


Figures 80 a-g. 


aed: Rajonchocotyle emarginata—a, Complete worm, ventral view ; b, Haptoral hook; c’-c’’, Appendix— 
hook ; d’, Egg from uterus of worm in a; d’’, Egg from uterus of another worm from the same 
host and locality (original—from Raja clavata). e-g : R. blandi:—e, Vesicula seminalis and cirrus 
opening into common pore with uterus ; f, Egg from uterus ; g, Egg from uterus viewed from one 
end to show the seven ribs and boat-shaped outline oni e oe Raja brachyura) ; WA ie 
same scale). 


Price, 1940, 76-78, figs. la-c (as Rajonchocotyloides e.—type of got ae 
describes a single specimen obtained from the collection of Baylis & 
Jones (1933, 629—as Onchocotyle appendiculata, on Raja clavata from 
Plymouth, England); considers the specimen conspecific with O. emarginata 
Olss., from the same host, on the grounds that the caecum in the append ce 
has ipteral diverticula, and is surrounded by a mass of vitelline follic 


s 
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One appendicular anchor only was found, and is figured in perspective, so 
that it appears abnormally awl-like, and the bifid roots are invisible as such ; 
Price, 1942, 51, 52-53: (as Rajonchocotyloides e.). Specimens collected at 
Roscoff, at Plymouth and at Bangor (from Cardigan Bay, N. Wales) from 
the same host agree fairly well with that described by Price, so that they are 
provisionally assigned to Rajonchocotyle emarginata (Olss.), n. comb. (Figs.: 
80 a—d herein.) 


Two large rays (R. clavata) were caught at Roscoff in June, 1938. One, about 1 metre long, had five 
worms on the gills and spiracle cavity, and the other, 85 cm. long, 56 cm. broad, had one on the floor 


-and one on the roof of the gill-chamber—others must have been recently lost, since the mucus from 


both gill-cavities, spiracle and mouth contained very numerous eggs of this species (together with young 


-of the parasitic copepod T'rebius caudatus). All these worms were mature. None was found on two 


small rays of the same sp.—c. 25 cm. across—examined at Roscoff in September—October, 1938. One 
large ray—51 cm. across—found dead in the Plymouth Aquarium (29. iii. 40) had none, but an 


extremely emaciated dead one from the same place (16. x. 40)—36-5 cm. across disc—had well over 
500 worms on the gills. This heavy infestation was probably the cause of death, since there was a 
-copious mucous exudate, and the gills were pale. Melanotic spots occurred over the filaments, which 


appeared to be altered haemoglobin in the walls of the capillaries—an effect of severe lesions caused 
by the infestation of monogenea not heretofore recorded. The worms from this fish are of great 
interest, since they were of all ages from late larval forms to fully mature adults. Among them were 
many medium-sized haptors with attached appendix, but without the body of the worm—they showed 


_a slow movement, and though they could not be kept alive under experimental conditions, it may be 


wondered if, under natural conditions, they are capable of regenerating the body. On previous 
occasions when worms of this subfamily have been removed from fish and left for some time in watch- ° 
glasses of sea-water, a constriction has developed in the posterior region of the body, and by violent 


-contractions and extensions of the anterior part it has been detached, leaving the haptor firmly attached 


to the substratum, and both parts executing feeble movements. No serious attempt has been made 
to maintain these organisms alive away from the host, though regeneration experiments might be of 


great interest in this group. 


No true larval forms have ever been found, but from the present series it is clear that the smaller 
the worm the longer in proportion are the haptor and appendix. The latter is capable of great 


extension, and in some small specimens it is as long as the body proper, but as its measurement is 


unreliable it is not included in the following series of figures. The figures below serve to show how 
misleading absolute measurements can be when dealing with hexabothriids—among the most 


Total Width Haptor Oral sucker Egg-sizes (extremes : 
Specimen. length. at ovary. length. width. non-distorted eggs only). 
mm. mm. mm. mm. be Bb 
215 x 83:5 208 x 85 
tenets, ois 9-0 1-59 2-6 0-375 es 203 x 85 
201'5x111 201:5x114 
hie sh { 201-5125 188-0 x 1025 
210 88:7 184-5 89 
ai here { 198 x 114 
2-92 0-16 - 211x 85-7 210 x 85-7 
1-25 0-25 149x102:5 140 85-5 
3:35 0-375 228 x 100 197 x 80-0 
216 x 80 205 x 88-0 
a ew eine 76  182x91-0 
1-17 0-146 205 x 62:5 188 x 80-0 
— 0-54 —_ no eggs. 
0-47 0-14 no eggs. 


— 0-114 no eggs. 
0-242 0-067 no eggs. 
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contractile of monogenea. The eggs (from the uterus of the same worm) also show a high degree 
of variation in size. The most constant organ was found to be the appendicular anchors, which were 
never found to be outside the range of 47 to 48 » in overall length, from the smallest to the largest 
worm examined. 

In September apd October, 1938, six specimens of Raja montagui Fowler [=R. radiata Donn.., 
—R. maculata Mont., =R. asterias Moreau, =R. asterias Blainv.] were examined at Roscoff. Four 
fish, 10-16 cm. across, had no gill-parasites, one of 22 cm. across had one Rajonchocotyle sp. (? batis, 
2 emarginata), and the other, of 30 cm. across, had 15 of the same species on the gills. One good 
mounted specimen is 6-9 mm. long and 0-92 mm. wide at the level of the ovary. The haptor is 
2-52 mm. long, and the oral sucker is 0-19 mm. wide. The vaginal pores are at the mid-cirrus level, 
and the appendix-anchors have an overall length of 45-5. The eggs are filbert-shaped, as described 
by Cerfontaine for R. batis, and the one perfect egg measures 21494, and is provided with the 
usual seven ribs—sharply pointed at one end and rounded at the other. Though there is no evidence 
that vitellaria are present in the appendix of #. batis, they are present in these specimens. 


R. kenojei Yamaguti, 1938. 

Yam., 1938, 29-31, pl. 4, fig. 19, on the gills of Raja kenojei from Koti, 
Japan; descr.—very near to R. alba, except that eggs are nearly double 
the size. 

R. laevis Price, 1942. 

Price, 1942, 51-52, figs. 2M, 3K: on the gills of Raja laevis from Woods 
Hole, Mass.—nearest to R. alba, but differs in the shape of the haptoral 
sclerites, shape of appendix hooks and larger eggs. 

[?] &. miraletus Rees & Llewellyn, 1941. 

Rees & Llewellyn, 1941, 392, 393: name only, without descr. or figs.— 
as occurring on the gills of Raja naevus from Porcupine Bank (160-200 fath.) 
off W. Coast of Ireland. Described by Mr. P. Bracey in an unpublished 
thesis, with the following characters: Body 6-8 mm. long; oral sucker 
0-14 x0-24 mm.; pharynx 0-25 0-20 mm.; haptoral sclerites 927 pw long ; 
appendix-anchors 50» long, with the ventral arm 22-7 py, and a flange between 
the arms. Vaginal pores open at mid-cirrus level, and are projected on to 
the intestinal crura ; median vaginal canal c. three times as long as paired 
canals. Egg with the usual seven facets corresponding to the ridges in 
the ootype—215 x80, with polar tubercles. The appendix is apparently 
without vitelline follicles. 

R. ovata Guberlet, 1936. 

Guberlet, 1936 a, 459, 465, 466, figs. 2, 6,7: on the gills of Raja binoculata 
from Pacific Coast of N. America—prelim. note though adequately presented 
by figs. ; Price, 1942, 51, 52: notes that it is near to R. wehri, and the egg 
measures only 60 long. 

R. prenanti (Saint Remy, 1890) Cerf., 1899. : 

St. Remy, 1890, 41-43: on the gills of Raja oxyrhynchus from Roscoft 
(as Onchocotyle prenanti) ; Cert., 1899, 377, 381, 383, 447, 464, pl. 18, figs. 
10, 11, pl. 19, fig. 10, pl. 20, fig. 4: (as Rajonchocotyle p.) on the gills of 
hk. oxyrhynchus from Roscoft (syns. Onchocotyle appendiculata of Sons., 


1890, 176, 177; O. borealis of Stossich, 1885, 162, from Trieste); St. Remy — 
notes that the haptor is almost circular and that the intestine ramifies in it. 
Cerf. figures the rather large spindle-shaped eggs (220, long) with polar. — 


knobs, and the immature eggs with a short polar filament on one pole ; Price, 
1942, 52: syst. (as Rajonchocotyle p.). i 
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R. wehri Price, 1942. 

Price, 1942, 51, 52, figs. 1 L,2 M,3L: on the gills of Raja stellatula from 
Friday Harbour, Washington ; distinguished by the size and shape of the 
egg—285 uw to 300 u 105 to 120 and fusiform, and by the relatively large 
haptoral sclerites. 


DICLYBOTHRIINABE Price, 1936. 


Price, 1936, 12: subfam. erected for Diclybothriwm Leuck. in fam. Oncho- 
cotylidae ; 1942, 39, 53: diagnosis—now in fam. Hexabothriidae Price, 1942. 
Subfamily diagnosis :—Hexabothriidae in which there is no circum-oral sucker, 
but two glandular, bothrium-like areas occupying the anterio-lateral region, with 
a simple ventral mouth opening between them. Haptor with six subsessile suckers 
bearing sclerites similar to Hexabothriinae, but those of meridional and not 
circumferential as in the latter subfam. The haptoral appendix is not strongly 
muscular, and the terminal pair of (?) cuticular suckers are near the bases of three 
pairs of anchors (two large pairs similar to the haptoral sclerites, and a smaller 
pair with a straight, non-bifid root). Eyes present. Parasites of Acipenseridae. 

Type genus : Diclybothrium F. 8. Leuckart, 1835. 

Diclybothrium Leuck., 1835. 
Leuckart, 1835 a, 88 (monotypic: D. armatum); 1842, 13-18—renamed 
Diplobothrium ; Kollar, 1836, 82 (as Diklibothrium) ; Nordmann, 1840, 597, 
600 (as Hexacotyle partim); Dujardin, 1845, 319 (as Polystoma partim) ; 
Dies., 1850, 421 (as Dichibothrium) [both Leuck. 1842, and Dies., 1850, use 
Diclibothrium when referring to all previous records] ; Dies., 1858 e, 315, 383 : 
definition, incl. the mention of only two pairs of anchors (as Diclibothrium) ; 
Taschenburg, 1879, 254, 255 (as Diplobothrium) ; Linstow, 1904, 493, 494 
(as Hrpocotyle in part); Fuhrmann, 1928, 29 (as Diclybothriwm—in Oncho- 
cotylidae); Vlassenko, 1928, 229, 248 (as Diuplobothrium); [non Diplo- 
bothrium of van Beneden, 1889—a cestode]; Skwortzoff, 1928, 563-573 (as 
Diclibothrium) ; Simer, 1929, 579-582 (as Diplobothrium); Price, 1936, 12 
(as Diclybothrium—in Diclybothriinae) ; 1942, 53: taxonomy, 
Generic diagnosis.—With the characters of the subfamily. 
Type species : Diclybothrium armatum Leuck., 1835. 
D. armatum Leuck., 1835. 
Leuck., 1835 a, 88: on the gills of Acipenser rostratus ; Leuck., in Kollar, 
1836, 82: (as Diklibothriwm crassicaudatum—renamed) on the gills of 
A. stellatus from Germany; Leuck., 1836a, 764; 183606, 219 (as, Dicly- 
bothrium a.); 1842, 13-18, pl. 1, figs. 6 a—f (as Diplobothrium a.): descr. 
post. suckers with echinulate margins and with rib-like thickenings across 
the width of each sucker, and the meridional hook as acting like a hinge— 
the whole organ as a clasper; two pairs of strongly recurved, slender hooks 
shown on a terminal lappet—described as the anterior end; Nordmann, 
1840, 597, 600 (as Diklibothrium crassicaudatum, and renamed Hexacotyle 
elegans); Dujardin, 1845, 319 (renamed Polystoma (Hexacotyle) armatum) ; 
Dies., 1850, 421 (as Diclibothriwm armatum) ; 1858 e, 383 (2d.) ; Pratt, 1900 a, 
646, 651, 656, 657 (key), fig. 25 (as Diplobothrium a.) ; Stafford, 1904 (May 3), 
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488 (as Diplobothrium a.) on the gills of A. rubicundus from Canada ; Linstow,,. 
1904, 593-594, figs. 18-20 (=1904, 17-18, figs. 1-3): (as Erpocotyle circularis) 
on the gills of A.ruthenus from Russia; Cooper, 1915, 190 (as Diplobothrium a.) 
Stafford’s record in the St. Lawrence, Canada; Ward, in Ward & Whipple, 
1918, 378: key—short descr. (as Diplobothrium a.) ; Vlassenko, 1928, 229, 
248 (as Diplobothrium a.), cf. with [Aviella] baikalensis ; Skwortzoff, 1928, 
563-573, figs. 4-15: (as Diclibothrium circularis) on the gills of A. ruthenus 
from the Volga; redescr., anat. study and distribution; graphs showing 
sizes of fish and degree of infestation (figs. 14-15); small sturgeon, 30 cm. 
long, most frequently infected, and fish of 40 cm. least frequently ; worms. 


Figures 81 a~b. 


a-b* Diclybothrium armatum—a, Complete worm, ventral view; 6, Haptoral appendix, showing 
sucker and three pairs of anchors (after Price). 


3°25-5°88 x 0-41-0-85 mm. ; descriptions given of three pairs of anchors and 
the morphology of the reproductive system; the wide vaginae meeting almost 


horizontally to form a relatively short median canal passing into the re-— 


ceptaculum seminis, just anterior to the ovary in the anterior third of the 
body ; mentions its being recorded from the Volga district by Lawrow (1908, 
1-80), and by Skrjabin (1924, 60-68); Price, 1936, 12 (as Diclibothrium a.) : 
syns. LHrpocotyle circularis Linst., and Diplobothrium hamulatum Simer ; 


Ivanov & Murygin, 1937, 264; (as Diclybothrium circularis) on the gills 
of Huso huso and Acipenser spp. from the Volga; Price, 1942, 53-54, 
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figs. | MW-N, 20-P, 3 M (as Diclybothrium a. [non Diplobothrium hamu- 
latum Simer] =distinct spp.): records it on A. baeri in addition to others, 
from Europe, and on A. fulvescens from N. America: N.Y. Aquarium ; 
Black Lake, Michigan ; St. Lawrence River, nr. Iroquois, Ontario ; redescr. 
from N. American specimens. (Figs. 81 a—6 herein.) 

Price includes the following in his description of N. American specimens of D. armatum. Two 
pairs of eyes present ; haptor circular to rectangular, bearing three pairs of muscular cup-shaped 
suckers, striate and with a meridional sclerite, hooked at the end pointing posteriorly ; a sub- 
triangular, lappet-like appendix bearing a larger and a smaller, more curved, pair of anchors similar 
to the sucker sclerites—also a third pair with straight shafts, less than half the size of the others ; 
at the base of the anchors lie the pair of small (?) cuticular suckers. Cirrus muscular, tip eversible 
and armed with short, thickly set spines; vesicula seminalis pyriform connected with the cirrus 
by a narrow isthmus. Very numerous testes, and ootype prominent, pre-ovarial surrounded by a 
dense mass of unicellular glands. Uterus rel. long, sinuous, in the median field containing eggs 
without polar prolongations—208 to 224 88 to 140 py. 

D. hamulatum (Simer, 1929) Price, 1942. 

Simer, 1929, 579-582, figs. 16-19: (as Diplobothrium h.) on the gills of 
Polyodon spathula from the Lower Tallahatchie River, N. America; Price, 
1936, 12 (as a syn. of D. armatum); Price, 1942, 54-55, figs. 2 Q-R, 3 N 
(as Diclybothrium h.)—a valid species distinct from genotype—chiefly on 
account of the sucker-sclerites being more robust and the different form of 
the appendicular anchors; the number of testes is only about half that of 
D. armatum; the egg is round instead of oval, and is also much smaller. 
Bangham & Venard, 1942, 24: record (as Diplobothrium hamulatum) from 
one out of two Polyodon spathula from Reelfoot Lake, Tennessee. 


DICLIDOPHOROIDEA Price, 1936. 


Price, 1936, 12: creates superfamily in order to separate those Polyopistho- 
cotylea having two suckers in the mouth and six to eight (or very numerous) 
clamp-like adhesive organs on the haptor, each provided with a number of sclerites 
—as distinct from those in which the pair of suckers within the mouth is absent, 
and in which the haptoral adhesive organs are muscular cups, with a single stout 
sclerite ending in a hook (Polystomatoidea) : he accepts five families, each based 
on the type of clamp armature, ranging from Diclidophoridae with “ the most 
generalized framework ”’ of eight pieces to the “ simplest in the Hexastomatidae,” 
with three pieces (other fams.: Discocotylidae, Microcotylidae, and Mazocraeidae), 
“ this change seems to have occurred through the reduction in size and number 
of certain pieces, and possibly through the fusion of others”; Meserve, 1938, 
tacitly accepts the grouping of the superfam. suggested by Price (1936): there 
is very little systematic discussion, though a key is provided for the subfam. 
Diclidophorinae ; Brinkmann, 1942 c, 22-23: discussion of superfam. characters 
in light of Chimericolidae—alters name (due to error in interpreting taxonomy 
of type genus) from Diclidophoroidea Price to Dactylocotyloidea Brinkman, 
1942.—to incl. Dactylocotylidae, Discocotylidae, Microcotylidae, Mazocraeidae, 
and Hexostomatidae ; Price, 1943 a, 44: diagnosis and key to families : separated 
on basis of form of clamp—with ref. to diagrams of types—no analysis of clamp 
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structure is attempted beyond stating the number of pieces composing the skeleton : 
adds a sixth fam.: Gastrocotylidae Price, 1943. From an independent study 
of the clamps of this superfamily, completed before the appearance of Price’s 
account (1943 a and 6), it was found that the genera could be grouped according 
to the degree of elaboration or simplification of what appeared to be a primitive 
type of clamp skeleton (this is represented, broadly, by a continuous cuticularized 
band bent into two loops—Mazocraeidae, not Diclidophoridae, which Price 
(1936) considered to be the most generalized), and it is interesting that the grouping 
on the basis of the evolution of the clamp structure is very nearly the same as 
that arrived at by Price, and by other workers who have stressed the importance 
of the internal organs in classification (see Sproston, 1945 6). Previous workers 
do not mention the fact that the functional haptor in Diclidophoroidea is not at 
all the same morphological entity as that in the other superfamilies of Monogenea 
(except Acanthocotyloidea), but consists of separate adhesive units developed 
in the region anterior to the larval haptor, the anchors of which may or may not 
persist in the adult (this persistence of anchors is probably never of more than 
generic significance). The old family Octocotylidae, based on the number of 
clamps, is broken down when it is found that it is the form rather than the 
number of clamps which unites genera having other characters in common. 
Superfamily diagnosis.—Polyopisthocotylea in which the functional haptor 
of the adult is developed anteriorly to the larval haptor region, and consists 
of a number of separate units, usually acting as clamps and provided with various 
sclerites which are probably homologous throughout the group. A pair of 
cuticular suckers usually occur within the mouth, and a genito-intestinal canal 
is probably always present. Parasites of the gills of fishes, or sometimes of 
crustacea within the mouth of fishes. | 
Type family : Diclidophoridae Fuhrmann, 1928, sensu Price, 1943. 


Key to the Families of Diclidophoroidea. 


I. Skeleton of clamps symmetrical . 2. o:..<....0.6s eens a aeons one A, 
Skeleton of clamps asymmetrical .....0.....0scececssecsrenccacseres B. 
_ A. Spring double, formed by the shoulders between the ventral and dorsal 
loops of the capsule skeleton : dorsal loop complete ; tendon cuti- 
cularized: only at distal-enid ); 4:52-5:20 acids aceasta take eee ai MazZocRAEIDAE. 
Spring threefold; tendon completely cuticularized; both loops 
incomplete in median line; exceptional in circum-oral sucker 
replacing the pair of suckers within the mouth ................+- CHIMAERICOLIDAE. 


Spring single, formed by the completely cuticularized tendon : dorsal 
loop of capsule skeleton vestigial. ..........2.000s00c sus een eh a. 
a. Numerous‘clamps on-haptor’.. 7... s 1. devs os cee es MricrocoTyLIDAE. 
Hight, or fewer, clamps on haptor |. ...0.-. «4. «sesh eae DIscOCOTYLIDAE. 
B. Haptoral sclerites reduced to three dissimilar pieces embedded in 
lateral margin and partition of muscular sucker .........+.-+-+-- HEXOSTOMATIDAE. 
Haptoral sclerites well developed ; muscles shifted towards the medial 
margin of the capsule ...;,..is.0eue es cae sks se 43:05 siete oe b. DicLIpOPHORIDAE. 
b. Adhesive capsule acting as a true clamp. .............seeseeecees DICLIDOPHORINAE. 
Adhesive capsule acting as a reinforced sucker—the usual “ clamp 


sclerites ”’ being opened out as its framework ............. Sessa 


& 


i 
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The term “ spring ’’ means the curved part or parts of the capsule skeleton which is under mechanical 
strain when the main retractor muscles of the capsule are contracted, so that when they relax the spring 
tends to straighten out and open the mouth of the capsule, clamp or sucker (for fuller consideration 
see Sproston, 1945 6.) 


CHIMAERICOLIDAE Brinkmann, 1942. 


Brinkmann, 1942 c, 19-24: creates n. fam. for Octobothrium leptogaster auct., 
which he places along with Onchocotylidae [—Hexabothriidae] in Polystoma- 
toidea : on account of the absence of the mouth suckers, and their replacement 
in the present gen. by a weak, circum-oral sucker as in the typical Polystomoidea. 
He points out that it is clearly a transitory fam. between the Polystomoidea 
and the Diclidophoroidea—approaching the latter in the form of the haptor and 
clamps, though having the vaginal pattern of the former. While it is agreed 
that the redescription of this form by Brinkmann has thrown much light on the 
structure of what is probably an archaic form, relating the two main super-families 
of Polyopisthocotylea ; the similarity of the clamp skeleton with that of other 
Diclidophoroidea, and the appearance of a Discocotylid facies in relation to several 
organs, prompt its placing in the Diclidophoroidea, but in a separate family near 
to the Discocotylidae. 


Owing to the reduction of the clamp scierites,the dorsal and ventral loops are represented, apparently, 
only by the shoulder region (see Mazocraeidae), to which powerful muscles are attached, and are placed 
so as to act as lateralsprings. Futhermore, in the presence of a heavily cuticularized tendon, also acting as 
a spring,the clamp combines the mechanical structure of that of the Mazocraeidae and Discocotylidae. 
The middle, opposable, piece is apparently not a complete loop, but has been reduced to two short 
sclerites at the sides of the capsule mouth. This reduction into three main entities may be a fore- 
shadowing of the extreme reduction to the three compact (though asymmetrical) sclerites of the 
Hexostomatidae. There is no hint of a hook on the end of the median cuticularized tendon, which 
might suggest relationship with that other primitive group, Diclybothriwm, the sucker sclerites of 
which, as in the Hexabothriids, most probably represent modified hooklets of the larval 
haptor. In Polystomatidae, where young forms have been examined, the larval hooklets are found 
within the cup-like suckers. The adult haptor is a direct derivative of the larval, whereas in 
Chimaericola, by analogy with forms in many other ways similar to it, like the typical 
Diclidophoroidea, the haptor is probably a new structure developed anterior to the locus of the larval 
haptor. The observation of Ruszkowski (1934, 486, fig. 2) of a terminal lappet bearing one pair of 
large and one pair of small anchors, lends support to this view. 


Family diagnosis.—Diclidophoroidea without paired cuticular suckers within 
the mouth, but with a weak circum-oral sucker. Haptor and clamps symmetrical 
in structure. Four pairs of clamps on short stalks, each clamp having three 
springs, the median one formed by the heavily cuticularized tendon, and the laterals, 
» embedded in the wall of the capsule (? representing the shoulder pieces between 
the primitive dorsal and ventral loops of Mazocraeidae). The middle piece 

probably represented by two short sclerites near the middle of the laterals (normal 
position of articulation of the middle, opposable piece in other fams.). The 
lobed ovary is anterior to the follicular testis. The uterus is very long, and consists 
of three loops; the eggs are non-filamented, but have a short process at the 
-abopercular pole. The lateral vaginae open separately into the vitelline ducts, 
enlarging both before and after to form receptacula seminis vaginae ; the lateral 


A: -yaginal pores are surrounded by a glandular mass of tissue, and are conspicuous 
3D2 
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on the ventral side. The vitello-intestinal canal is short and horizontal, on the 
left side behind the shell-gland complex. The muscular cirrus bears some short 
spines just behind its tip when everted. The posterior end bears a large and a 
smaller pair of anchors on a terminal lappet. 
Type genus : Chimaericola Brinkmann, 1942. 
Chimaericola Brinkmann, 1942. 
Brinkmann, 1942c, 19-21: examines the relationship of Chimaericola 
with Octobothrium (sens. lat.) spp., and separates it from Mazocraés Herm. 
and from Discocotyle Dies. 


Figures 82 a-e. 
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a-e: Chimaericola leptogaster—a, Complete worm—note pharyngeal diverticula of gut, prominent 
vagine, long uterine loops, and highly extensible hind-body ; 6, Diagram of reproductive system 
—vertical scale much contracted (after Brinkmann) ; c, Anchor—one of the smaller pair (after 
Ruszkowsky) ; d, Armoured “ sucker” from (morphologically) right side of haptor, ventral 
view ; ¢, The same, from (morphologically) left side of haptor, posterior view (after Brinkmann). 


Generic diagnosis.—Chimaericolidae (monotypic family): with the family 
characters, and further characterized by the haptor being separated from 
the body proper by a long, very highly contractile, stalk into which the 
testes and vitellaria do not extend—but which contains the unbranched ends _ 
of the intestinal crura reaching nearly to the end of the haptor. The rest 
of the intestine has short lateral diverticula only ; there is a wide sac-like 
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expansion over the anterior third of the body as far as the vaginal pores : 
at this level the two crura diverge. The vitellaria cover the diverticulate 
region of the intestine from the genital pore to the end of the body proper, 
both on the ventral and dorsal sides; and dorsally they are continuous as 
a wide band over the middle line from just below the cirrus-pouch to well 
below the level of the vaginal pores. Parasites of the gills of Holocephali. 
Type species: (monotypic) Chimaericola leptogaster (Leuck.). 
C. leptogaster (F. S. Leuckart, 1830) Brinkmann, 1942. 

Leuck., 1830 a, 612 (as Octobothrium I.) ; 1842, 22-23, 30, pl. 1, fig. 5, pl. 2, 
figs. 2 a—b: (as Octobothrium I.) on the gills of Chimaera monstrosa from Europe : 
the figs. are perfectly recognizable, but mostly from contracted specimens, 
so that the clamps appear sessile : discussion of relationship with O. lanceo- 
latum and with O. sagittatum, O. platygaster, and O. palmatum; Diesing, 
1850, 424 (as Discocotyle 1.—sp. inquirendum): reports Rapp’s finding it 
on C. monstrosa at Christiania ; 1858, 384 (as Placoplectanum (Discocotyle) 1.— 
a renaming : in both places he considers it congeneric with Discocotyle sagittata); 
Olsson, 1876, 10-11, figs. 18-22 (as Octobothrium 1.) : redescription in general 
terms, and considers it distinct from Discocotyle on account of the elongated 
shape of the haptor; Olss., 1896 (id. nom.), record on C. monstrosa from 
Trondheim, Norway—confirms the findings of Par. & Per., 1892 ; Par. & Per., 
1892, 87-90, pl. 2, fig. 1 (whole worm in expanded condition showing the 
pediculate clamps), pl. 3, figs. 7-8: show two sucker-like vaginal pores and 
small hooks from the genital bulb—thorn-like, inwardly curved with a slightly 
bifid bulbous base [cf. with gen. hooks of Microcotyle erythrini}—(as Octo- 
bothrium 1.) on C. monstrosa from Nizza (Mediterranean); Th. Scott, 1911, 
68-69, pl. 7, figs. 2-5 : (as Octobothrium 1.) on C. monstrosa from the North Sea : 
fig. from a greatly expanded specimen—the stalk shows the transverse stria- 
tions which may resemble segments: fig. of eggs show them broadly oval, 
with a short, curved, rather stout filament of about one and a half times the 
length of the egg itself; states that no oral suckers were seen; Sprehn, 
1933, 29 (as Discocotyle 1.); Ruszkowski, 1934, 486, fig. 2 (anchor)—(as 
Octobothrium 1.) on C. monstrosa from Poland—63 per cent. infection ; Brink- 
mann, 1942 c, 1—29, figs. 1-11 (as Chimaericola 1.) redescr. and relationships— 
material all from C. monstrosa, from Trondheim, Norway; Kristineberg, 

f and Koster Fiord, Sweden; Skagerrak, and N. Sea; Price, 1943 a, 51: 


. suggests that on account of the long stalk to the haptor it may be related to 
certain Choricotylidae—as Neoheterobothrium l.: Price was unaware of the 
sd recent redescription by Brinkmann, and in view of this, his decision appears 


to have little foundation. (Figs. 82 a—e herein.) 


MAZOCRAEIDAE Price, 1936. 


_ Price, 1936, 13: created to replace Octocotylidae Montic. owing to the change 
in name of the type genus; (syns.: Octobothriidae Taschenberg, 1879, 235, 
236, 238,—partim ; Octobothridae of Montic., 1888 a, 86, 88,—partim ; Octo- 
_eotylidae v. Ben. & Hesse, 1863, partim; Mazocriidae Southwell & Kirshner, 
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1937, 431-433, partim—this latter fam. was made a virtual syn. of Diclido- 
phoroidea); Brinkmann, 1942c, 24: following Price’s arrangement; Price, 
1943 a, 44: key, and typical clamp, fig. 1 #; 1943 6, 10, footnote : inclusion of 
Neomazocraes n. g. 

Family diagnosis.—Diclidophoroidea in which the clamp-skeleton is probably 
of the most generalized type, consisting of a dorsal and a ventral loop which are 
continuous at their shoulders (this region forming the spring tending to open 
the clamp). Beneath them articulate the sides of a scoop-shaped middle piece, 
which appears a ‘“‘U”’-shaped bar in optical section. The scooped portion is 
perforated to receive the “'T”’-shaped cuticularized (distal) end of the tendon 
in a sliding joint. Rarely is the remainder of the tendon cuticularized. Two 
pairs of anchors present on a terminal lappet (vestige of larval haptor), and 
larval hooklets may persist between the anchor pairs or just above them. Genital 
pore armed with (usually) two types of hooks: the lateral pair being larger than 
the others, and alate at the base. Testes, numerous wide follicles, or a single 
lobed mass. Vagina, if present, single and opening on the mid-dorsal surface, 
or rarely Y-shaped and opening laterally. Ovary vermiform, extending at the 
side of, or slightly anterior to, the testicular mass. 

Type genus: Mazocraés Hermann, 1782. 


Key to the Genera of the Family Mazocraeidae Price. 


1, Haptor symmetrical, bearing lateral rows of four clamps..............206-- 2. 
Haptor asymmetrical, with one row of four clamps and a single smaller one on 
the other side: genital hooks 16 small and 2 larger laterals ............. Grubea. 
2, Genital hooks: only the large lateral pair present; vagina opening mid- 
dorsally; ovary to.ond of body - :... i. « sais «0 50.0 -9.0le smlenen te oie Mazocraeoides. 


Genital hooks: slightly larger lateral pair and smaller hooks in two transverse 
rows ; vagina opening mid-dorsally ; ovary in anterior half, anterior to 


WORD eg tN aes als bl) e!eie alos a a.¢ w wiere wie x wd Alotin bale an Ole ane een Mazocraés, 
Genital hooks : large lateral pair and smaller hooks in two vertical rows ; ovary 
in’mid-body, anteriorrto, testes ...4.4.. svs'es's ins » os Roe ot ee 3. 
3. Vagina absent ; clamps like those of Mazocraés (typical) .................. Kuhnia. 
Vagina double—opening laterally ; clamps atypical ................2..e00- Neomazocraes. 


Mazocraés Hermann, 1782. 

Hermann, 1782, 182 (monotypic, with M. alosae); [syns.: Octobothriwm 
Leuckart, 1827 a, 24 (monotypic, with O. lanceolatum); Octostoma Kuhn, 
1829 a, 385-363 (non Octostoma Otto, 1823, 302); Octocotyle Dies., 1850 a, 
289, 421-422 ; Octoplectanum Dies., 1858 e, 382, 393 (renaming of Octocotyle) ; 
Octobothrium (Octocotyle) of St. Remy, 1891, 422]; Goto, 1894, 202 (as Octo- 
cotyle) : separates O. lanceolatum (Leuck.) from O. scombri (Kuhn), and states 
that there is no doubt that the former should be placed in a different genus 
(but does not suggest a name), as a consequence of the anatomical researches 
of Dieckhoff (1891, 264), showing the presence of a vagina in O. lanceolatum, 
whereas this is absent in O. scombri [see Kuhnia]; Baylis & Jones, 1933, 282 : 
taxonomy—trevive the name Mazocraés Hermann, and reduce Octobothrium 
Leuck. and Octocotyle Dies. to synonymy—they ignore the remarks of 
Goto (1894) and include Kuhnia spp. in same gen.; Sprehn, 1933, 11, 29 ; 
(as Octobothrium, as distinct from Octocotyle) ; Southwell & Kirshner, 1937, 
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430: adopt the name Mazocraés as an absolute syn. of Octobothrium (sensu 
Braun, 1879-1893, 533), so that it is made to include Mazocraeidae and 


_ Discocotylidae ; Price, 1936, 13 (as Mazocraés) : prelim. note. 


Generic diagnosis.—Mazocraeidae with a narrow body, tapering to either 
end: haptor slightly wider than body, into which the diverticulate intestinal 
erura extend, accompanied by the vitellaria. Clamps symmetrically arranged 
in lateral rows of four each side, on short pedicles which decrease in length 


‘backwards—the posterior clamps may be slightly smaller than the anterior, 


especially in younger worms. Typically two pairs of anchors present, but 
the inner smaller pair may be lost in older worms—large anchors with bifid 


_ roots and recurved tip: these are borne on a short terminal lappet. Genital 


pore with two lateral larger hooks and an anterior and posterior transverse 
row of a few (four) hooks each. The long, wide vas deferens apparently 
acts as a vesicula seminalis. The testes composed of numerous ill-defined 
transverse follicles which do not extend to the haptor. Ovary anterior 
to testes on the left side, vermiform and curved towards the descending 
oviduct. Vitello-intestinal canal as long as ovary, opening into the right 
intestinal crus. Vagina opening on the dorsal side in the median line just 


posterior to the intestinal bifurcation, unarmed, and leading directly to a 


coiled receptaculum seminis vaginae. Eggs usually with two polar filaments. 
Parasites of gills of Clupeoid fishes. 


Type species: Mazocraés alosae Hermann, 1782. 
M. alosae Hermann, 1782. 


Hermann, 1782, 182, pl. 4, figs. 13-14: on the gills of Clupea alosa | =Alosa 
vulgaris auctorum]; Leuckart, 1827 a, 24: (as Octobothrium lanceolatum) on 
the gills of C. alosa from Germany ; 1828, 18, pl. 1, figs. 7 a—b (id. nom.) ; 
Mayer, 1841 a, 19-25, pl. 3, figs. 1-9 (as Octobothrium lanceolatum alosae)— 
identified as Hermann’s species; Kuhn, 1829 a, 385-361, with explanation 
of pl. 3, figs. 1-9 (the plate has not yet been found—it was to have been 
published in another place)—as Octostoma alosae ; Leuckart, 1842, 18, 19, 20, 
21, 29, pl. 2, figs. 6 a—b (as Octobothrium lanceolatum)—recognizing Mazocraés 
alosae as a syn. (sic); Dujardin, 1845, 313, pl. 8, fig. F [good fig. of genital 
hooks]—as Octobothrium 1.; Dies., 1850 a, 422 (as Octocotyle lanceolata) ; 
Dies., 1858 e, 383 (renamed Octoplectanum lanceolatum); 18596 (id. nom.), 
442443; v. Ben., 1858, 45-48, 49, 168, pl. 5, figs. 1-18 (as Octobothrium 1.), 
found on Clupea alosa, both from the sea and fresh water: very young 
forms found on the same fish as those bearing eggs—concludes that develop- 
ment is direct; 1868, 34, figs. 11-12 (as Octobothriwm 1.) ; Dieckhoff, 1891, 
251 (as Octobothrium l.): on presence of vitello-intestinal canal, pp. 255-265 : 
anat. and sections which showed the vagina and disposition of genitalia : makes 
reference to Hermann’s name for this sp.; Goto, 1894, 123: regards ‘ Octo- 
cotyle lanceolata’ auctorum as representing a distinct genus from Octocotyle 
sensu Goto, which contains spp. from fish of the genus Scomber (no new name 
is suggested) ; Cerf., 1896, 516-517 (as Octobothrium alosae) ; St. Remy, 1898, 
523 :—as Octobothrium l.—in a distinct genus, for reasons of presence of 
vagina, etc., as stated by Goto, from Octocotyle scombri from the mackerel ; 
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Th. Scott, 1901, 145, 146, pl. 8, fig. 21: (as Octobothriwm alosae) on the gills of 
Clupea alosa and ©. finta from Scotland; Liihe, 1909, 7: (as Octobothriwm) 
on C. alosa from the mouth of the Rhine ; Nicoll, 1915, 36: records Mazocraes 
alosae from C. finta from Plymouth; Sprehn, 1933, 29: (as Octobothrium 
lanceolatum)—6 to 7 mm. long, on Alosa vulgaris; Baylis & Jones, 1933, 
628; (as Mazocraés alosae) on Clupea finta from Plymouth; Southwell & 
Kirshner, 1937, 430: syst.—Mazocraés a. as type of the genus (sens. lat.). 
(Fig. 83 a—e herein.) 


Note on the Genus Mazocraés Herm. and Glossocotyle van Beneden & Hesse. 

v. Ben. & Hesse (1863, 102-103, pl. 9, figs. 11-18) describe a new genus, Glossocotyle, with one 
species, G. alosae, n. sp.: it has some resemblances to Mazocraés, but is said to have four accessory 
suckers on the lappet extending from the haptor: that is, it has this character in common with 
Ophicotyle v. Ben. & Hesse, 1863, the only difference being that the latter genus has a constriction 
in the anterior third of the body. The figures, however, show no accessory suckers on the haptor or 
its extension, though four minute hook-like projections can be seen on the enlarged drawing of the 
haptor (fig. 13). The figure of G. alosae shows the clamps to be wider than long, as compared with 
those of Ophicotyle fintae, and not arranged on the edge of the haptor ; these differences may be due 
to artifacts : assuming that the drawings are accurate—which is doubtful, in view of the discrepancies 
with the text. It is reported on the gills of Alosa vulgaris. Taschenberg, 1879, 244: transfers 
Glossocotyle a. to the genus Octobothrium Leuck.—but as a distinct species from Octobothrium 
[=Mazocraés] alosae (Herm.). St. Remy, 1891, 16, fig. xvii B, 7, reproduces the original figure of 
Glossocotyle a., which he names Octobothrium (Octocotyle) alosae v. Ben. & Hesse: remarking that 
it is very like “‘O. lanceolatum Leuck.” [=Mazocraés alosae Herm.] from the same host, and casts 
some doubt on v. Ben. & Hesse’s species, owing to the lack of agreement between figures and text ; 
and considers that it is probably identical with O. lanceolatum Leuck. ; Braun (1890 a, 414, 418, 534, 
548, 550) reports this species as Octobothrium (Glossocotyle) alosae v. Ben. & Hesse—from the gills of 
Alosa vulgaris from Brest. Since the original specimens are not available, Glossocotyle alosae v. Ben. 
& Hesse is regarded as a provisional synonym of Mazocraés alosae Herm. 

As has already been pointed out by Baylis & Jones (1933, l. c.), both the generic names Octobothrium 
Leuck. and Octocotyle Dies. are antedated by Mazocraés Herm., and the species lanceolatum of Leuck. 
is synonymous with M. alosae Herm. There is no name available for Octocotyle [sensu Goto] (distinct 
from Octocotyle Dies. by the absence of vagina, etc.)—the name Octostoma given by Kuhn (I. c.) to the 
genotype O. scombri is preoccupied by Otto (1823—for a genus of Diclidophoridae [=Cyclocotyla 
Otto, 1823]) ; hence the new name Kuhnia has been proposed (Sproston, 1945a) for those Mazocraés 
species (sensu Baylis & Jones) which are congeneric with M. scombri auct. 


M. harengi (van Beneden & Hesse, 1863) Nicoll, 1915. 

v. Ben. & Hesse, 1863, 98-99, pl. 9, figs. 1-10: (as Octocotyle h.) on Clupea 
harengus from Belgium: the figs. and description of this species give few 
valid characters for separating it from the genotype—the large anchors have 
broad tapering bases and very slender recurved points of even thickness, 
the intestine reaches as far as the last pair of clamps (which are shown pro- 
jecting from the margin of the haptor), and the egg is narrow, fusiform, 
with polar filaments only slightly longer than itself; Tasch., 1879, 244 (as 
Octobothrium h.) ; Th. Scott, 1901, 145-146: (as Octobothrium h.) on the gills 
of C. harengus from Scotland ; A. Scott, 1905, 118: (id. nom.) on C. harengus 
from the Irish Sea; Th. Scott, 1911, 68: (id. nom.); Nicoll, 1915, 362: (as 


Mazocraes h.) on C. alosa from Plymouth: also recorded as ‘‘ Octobothriwm — 


harengi v. Ben. & Hesse ” from C. harengus from “ outside British Waters,” — 


cf. Linstow, 1889, 95: (as Octoplectanum harengi (v. Ben. & Hesse)); Sprehn — 
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1933, 29: (as Octobothriwm h.) 10 mm. long, on C. harengus ; Baylis & Jones, 
1933, 629: (as Mazocraés h.) on Clupea alosa from Plymouth ; Baylis, 1939, 
479 : record repeated (as Mazocraés h.). 

M. pilchardi (van Beneden & Hesse, 1863), n. comb. 

v. Ben. & Hesse., 1863, 99, pl. 9, figs. 29-35: (as Octocotyle p.) on Clupea 
pilchardus from Belgium ; Tasch., 1879, 244 : (as Octobothrium p.) ; Monticelli, 
1888, 13, 66: (as Octocotyle pilchardei—? misprint); Linstow, 1889, 95: (as 
Octoplectanum p.) ; Nicoll, 1915, 362 : (as Octoplectanum p.) from C. pilchardus 
from “outside British waters” (probably repeating the original record) ; 
Sprehn, 1933, 29: (as Octobothriuwm p.) 2 to 3 mm. long, on C. pilchardus. 
The orig. figs. leave little to distinguish this sp. from the genotype, except 
the host, and the egg, which is smaller and has a single long filament. 


Figures 83 a-e. 
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Wee 


a-e: Mazocraés alosae—a, Complete worm, dorsal view; 6, Vagina and receptaculum  seminis ; 
- c, Genital corona, dorsal view ; d, Egg from uterus ; e, Haptor, showing ends of intestinal crura with 
pigmented cells in walls, vitellaria and clamps—note the clamps on the right side of the figure 
are in dorsal view and those on the left mostly in profile; the terminal lappet carrying the 
anchors is folded ventrally upon itself in this specimen (original—specimen from Alosa finta). 


Species inquirendae :— 

M. heterocotyle (v. Ben., 1870), n. comb. 

v. Ben., 1870, 67: (as Octostoma heterocotyle), on the gills of Clupea sprattus 
from Belgium; description very inadequate; Linstow, 1885, 252-253, 
pl. 15, fig. 30 : (as Octoplectanum h.) on C. sprattus ; 1889, 96 (id. nom.); Tasch., 
1879, 245: (as Octobothriumh.); Nicoll, 1915, 362: (as Octoplectanum h.) on C. 
__sprattus, “ outside British waters ”’ (probably record from the older literature) ; 
Sprehn, 1933, 29 (cited as Octobothrium h.) on C. spratius. 
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M. cepedianum Kimpel, 1938. 

Kimpel, 1938, 24: summary of paper read; no description or figs. 
published—recorded on the gills of the “ gizzard shad” from fresh-water, 
U.S.A. Until further information is published this remains a nomen 
nudum. 

Ophicotyle van Beneden & Hesse, 1863—genus inquirendum. 

v. Ben. & Hesse, 1863, 96, 101 (monotypic, with O. fintae); Tasch., 1879, 
244 (as Octobothrium) ; Montic., 1888, 8, 11, 86 (as Ophycotyle); St. Remy, 
1891, 16-17 (as Octobothriwm—sensu lato); 1898, 546 (as Octobothriwm— 
sensu stricto); Sprehn, 1933, 11, 28—mis-spelled as Ophiocotyle—accepted 
without further evidence. 

Owing to the confusion in the description of this and Glossocotyle, and the 
somewhat stylized figures of both of their type species, both the species and 
genus are regarded here with great reservation (see p. 384). 

Generic diagnosis.—Mazocraeidae. Body lanceolate, gently tapering to 
the anterior end, with a long thin “ neck.” Haptor with a lappet carrying 
two pairs of minute suckers (?), the posterior pair the smaller, and two pairs 
of very slender anchors (the two rami of the pair appear to arise from a 
common origin: the outer long and inwardly curved, and the inner short). 
Genital hooks as in M. alosae. Intestinal crura extend into haptor. Eggs 
unknown. (Monotypic.) / 

O. fintae v. Ben. & Hesse, 1863. 

v. Ben. & Hesse, 1863, 101, pl. 9, figs. 19-28: on the gills of Alosa finta 
from Belgium; St. Remy, 1891, 16-17, fig. xvii C, 8: (as Octobothrium f.)— 
reproduction of orig. fig. and shortened descr.; 1898, 546 (id. nom.) ; 
Sprehn, 1933, 28: (as Ophiocotyle f.\—3 mm. long. Regarded as sp. ing. 
herein. 


The specimen of Mazocraés, identified tentatively as M. alosae Herm., which is represented in 
figs. 83 a-e herein, was the only specimen obtained by the author from the gills of Alosa finta from 
Plymouth, and its measurements are as follows :—Body 9-70 mm. long; max. width 1-58 mm. ; 
haptor length 0-64 mm. The mean square root of the projected area of the clamps was calculated as 
‘0-967 » (for comparison with Kuhnia scombri and K. minor—q. v.). The mouth suckers are circular 
(usually in Diclidophoroidea they are elliptical) and are 66-70 jin diam. The intestinal crura are richly 
branched in the body proper and are thickly covered on both sides with vitellarian follicles, which are 
spherical and rather large, when not compressed by mutual pressure. The usual dark brown to black 
pigment deposits are seen on the walls of the intestine throughout its length (fig. 83). Such deposits 
are highly characteristic of all Diclidophoroidea so far examined, and appear to increase with age, and 
are especially noticeable in worms which have been feeding on the blood from the gills, 7. e., when the 
crura are bright red in the fresh state—they are probably breakdown products of haemoglobin, but 
confirmatory tests on preserved material have not been successful (see Sproston, 19465 a.) 

The anchors (large pair) have an overall length of 66 u—the lappet bearing them is bent back in 
the preparation figured. The pharynx is 0-21 mm. long and 0-14 mm. wide, and leads to an 
unbranched, rather wide oesophagus; halfway along its length is the genital pore, surrounded 
by a halo of circular muscles 125-100» diam., and the main muscular bulb surrounding the male 
pore is 114 long and 71 wide. The horizontal disposition of the genital hooks upon it appears 
to be highly characteristic of the genus—the lateral hooks have an overall length of about 53 p. 
Three eggs are present in the uterus, measuring 255 long and 71» in max. width; the anterior 
filament 142 long, and the posterior 128 long. The inconspicuous median dorsal vagina opens 
0:14 mm. posterior to the base of the pharynx—it is about 28 » wide at the pore, which appears to 
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have a weak cuticular border—from the whole mount it appears to lead immediately into a 
coiled receptaculum seminis vaginae, about 34 diam., though this structure needs to be verified 
from sections (fig. 83 5). 
Grubea Diesing, 1858. 
Dies., 1858 e, 315, 385—nom. nov. pro ‘‘ Octobothriwm scombri Nord. ? ” 
_ of Grube, 1855—monotypic, with G. cochlear Dies.: the genus is defined by 
Dies., yet he says that it may be identical with Octoplectanum truncatum 
[=Kuhnia scombri (Kuhn)]; 18596, 444 (id. nom.)—syn. Plewrocotylus 
Gervais & v. Ben.; Gerv. & v. Ben., 1859 6b, 194 (as Pleurocotylus—nom. nov. 
pro Octobothrium partim of Grube, 1855; [Note: Stiles & Hassall, 1908, 346, 
footnote: “ Gervais & v. Beneden use both Pleurocotyle and Pleurocotylus, 
but they evidently intended the former as a French vernacular name, the 
latter as the Latin scientific name. Later authors apparently overlooked 
this fact ’’]; Monticelli, 1888 a, 8, 11, 48, 84, 89, 99; 1892 (Oct. 7), 213 
(as subgen. Pleurocotyle in Octocotylinae); 1903, 336: in separate fam. 
Pleurocotylidae, and Pleurocotylinae n. subfam.); Fuhrmann, 1928, 30 
(as Grubea Dies.—syn. Pleurocotyle Gerv. & v. Ben.)—in Octocotylidae ; 
Sprehn, 1933, 11, 30, follows Fuhrmann ; Price, 1936, 13 (as Grubea Dies.)— 
in Mazocraeidae ; [non Grubea of Quatrefages, 1865 [?1866]—a polychaete 
=Grubeosyllis Verrill, 1900]. | 
Generic diagnosis.—Mazocraeidae in which the body is asymmetrical in 
the haptoral region. The haptor is developed on the right side in the form 
of an auriculate lobe which carries four similar clamps along its margin, 
and one small clamp on the left side at the end of the body. There is a 
terminal lappet with a pair of large anchors on the outer side, having a spur 
: . at about mid-length, and a smaller inner pair with a bulbous base. The 
clamps are similar to those in the type genus (but are usually figured in the 
open position), and the tendon is cuticularized along the whole of its length. 
The genital pore is armed with a number of hooks with bifid bulbous bases, 
arranged in a transversally oval corona, and there is a pair of larger hooks, 
bipartite, with an alate base (similar to those in Kuhnia) at the lateral angles 
4 of the corona. The diverticula of the intestine extend as far as the last clamp 
in the haptor. Other characters, apparently, as in Kuhnia. 
Type species : Grubea cochlear Diesing, 1858. (Monotypic.) 
G. cochlear Dies., 1858. 
4 Dies., 1858 e, 385 n. n. [this was a legitimate renaming of ** Octobothriwm 
scombri Nordm.?” of Grube, 1855, 137-140, pl. 6, figs. 1-3: also named 
Tetracotyle s. by Grube (p. 140)—this latter was only very tentatively suggested 
¥ and cannot be used since it is the group name for certain larval distomes— 
f" there is no justification for suppressing Diesing’s specific name, since the 
atypical specimens of K. scombri referred to by Grube required to be renamed, 
‘ so that Grubea cochlear is a valid name]; Gervais & van Beneden, 1859 6, 
{ 194 suggested the gen. Plewrocotylus, but did not use the combination 
P. scombri; vy. Ben. & Hesse, 1863, 100, text-fig. (unnumbered) of haptor 
(as Pleurocotyle scombri) on the gills of Scomber scombrus from the Mediterranean 
_ (specimens sent by Gervais). [In the list of syns. given, Dies., 1859, only 
___ is quoted, and placed after the ref. to Gervais & v. Ben. of the same year, 
; 3E2 
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thus giving a spurious validity to the name Pleurocotyle, which in fact, yields 
priority to Grubea Dies., 1858]; Parona & Perugia, 1890, 7-11, pl. 14, figs. 6-9: 
(as “* Pleurococtyle scombri Ger. & v. Ben.”) on the gills of Scomber scombrus 
from Genoa, and S. colias from Naples. [These figs. are the best available— 
the terminal hooks are shown to be dissimilar, but the clamps are shown 
somewhat diagrammatically]; Sonsino, 1890, 112: (as Pleurocotyle s.)—note 
on the specimens in the Museum at Pisa; Parona, 1894, 549, 595, 671, 680: 
(as Plewrocotyle s.); 1902, 3: (id. nom.) on the gills of Scomber colias, S. scomber, 
and Scomber sp. at Portoferrajo, Italy; Sprehn, 1933, 30: (cited as Grubeac.) ; 
Linton, 1940, 17, pl. 16, figs. 210-214: (as Plewrocotyle s.) on Pneumatophorus 
grex—the ‘‘chub mackerel” from the Woods Hole region, U.S.A.—the 
description is vague on essential points and the figs. are not very illuminating, 
except that the small solitary clamp is shown to be similar in form to that of 


Figures 84 a-g. 


Grubea cochlear—a, Haptor ; 6, Genital hooks ; c¢, Open clamp; d, Large, and e, Small anchors 
(after Parona & Perugia); f, Genital hooks (“somewhat broken and distorted”); g, The 
smallest terminal clamp (after Linton). 


Mazocraes and its near allies. It is apparently on the same side of the haptor 
as the other four—the most posterior of these having a reversed orienta- 
tion, though this position is often assumed in Kuhnia, owing to the mobility 
of the clamps on the short stalks, and of the armature within the clamp 
capsule. Owing to the incomplete descriptions it is not possible to be certain 
of the conspecificity of the American and European forms. Though the 
gills of over a thousand mackerel have been examined for this trematode 
throughout the year, from various places off the S.W. Coast of England, 
none has been found. 


Kuhnia Sproston, 1945. 


Kuhn, 1829 a, 537 (as Octostoma partim—n. n. pro Polystoma auct. partim — 


—to distinguish worms having eight “oral” suckers from those with six 
“ oral” suckers, for which the name Hexastoma is proposed ; [non Octostoma 
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Otto, 1823, 302]) ; Leuckart, 1842, 29 (as Octobothrium Leuck., 1827, partim) ; 
Dies., 1850, 422 (as Octocotyle Dies., partim); 1858 e, 383 (as Octoplectanum 
Dies., partim) ; St. Remy, 1891, 422 (as Octobothriwm (Octocotyle) sensu stricto 
St. R., partim) ; Goto, 1894, 201-203 (as Octocotyle Dies., sensu stricto Goto) ; 
St. Remy, 1898, 523 (as Octocotyle sensu Goto); Cerf., 1899, 547 (as Octo- 
cotyle sensu Goto); Th. Scott, 1901, 145 (as Octobothrium partim—since 
Octocotyle is reduced to syn.) ; Sprehn, 1933, 11, 29 (as Octocotyle, as distinct 
from Octobothrium); Baylis & Jones, 1933, 282 (as Mazocraés partim) : 
review taxonomy, and decide that as Octobothrium Leuck. and Octocotyle Dies. 
have the same type-species as Mazocraes Herm., the latter takes priority 
for all spp. included in both genera. They ignore Goto’s distinction of two 
eroups—Octocotyle s.s. for spp. from Scombridae, and the other (unnamed) 
group [=—Octobothrium of St. Remy, 1898] for spp. from Clupeidae ; since 
the name Mazocraes Herm. must stand for M. alosae Herm. and its allies 
from clupeoid fishes, the name Kuhnia has been proposed (Sproston, 1945 a, 
176), in honour of the discoverer of the type species, for those Mazocraés 
(sens. lat.) spp. from Scombridae. 

Generic diagnosis.—Mazocraeidae lacking a vagina. Common genital pore 
opening longitudinally, with two vertical rows of inwardly curved hooks. 
Genital bulb with two antero-lateral reniform appendages, each bearing a 
distinctive hook with a strong, outwardly curved blade, at the base of which 
is a pair of alate spines. The terminal lappet is short, and bears at least 
two pairs of anchors: an outer one with a spur near the middle, and an inner 
pair of twisted sigmoid anchors which are much smaller. In addition, the 
larval hooklets may persist —most often the pair between the large and small 
anchors. Parasites of Scombridae. Other characters as in Mazocraés Herm. 

Type species: Kuhnia scombri (Kuhn, 1829). 
K. scombri (Kuhn, 1829) Sproston, 1945. 

Kuhn, 1829 a, 357, 361-362: (as Octostoma scombrt) on the gills of Scomber 
scombrus : distinguishes the sp. from O. alosae [=Mazocraes a.] by the clamps 
being arranged in rows which are divergent posteriorly in scombri, and con- 

? vergent in alosae ; he states that he follows the custom of authors in regarding 
. 
| 


ahh; = — were 


the suckers [clamps] as head pores, but (p. 362) he gives his own observations 
of the leech-like movement of the worms in which the “ posterior end ”’ 
moves forwards, so he thinks that, after all, the ‘‘pores”’ must be on the posterior 
end. There is no reference to the origin of the material studied, or to 
previous literature. At the end of the paper (Mem. Mus. Hist. nat., 1829, 

4 18, 357-368—not 1830 as stated by some authors) there is (p. 368) an explana- 
tion of ‘‘ Pl. 17,” which includes :—fig. 4, O. scombri, nat. size; fig. 5, O. scombri 
from the under side: aaaa—the four pores of one side, bb—the anterior 
orifices of the digestive system, ccc—digestive canal of one side, d—rectum, 
e—anus, ff—posterior pores, g—ovary: all nat. size. A footnote states 
that the figs. on pl. are to be published in “ Bull. Sci. nat., April, 1829 ”— 
it has not been possible to trace this publication. [In the paper referred to 
there is no mention of any parasite from the whiting, and there is no foundation 

_ for the frequently quoted reference to “‘ Octobothrium merlangi (Kuhn, 1829)”. 
This reference has been searched for by many authors (see p. vig ee 
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apparently does not exist]; Nordmann, 1832, 76, 77-78: (as Octobothrium s.) ; 
F. S. Leuckart, 1842, 20, 30: (as “‘ Octobothriwm ? scombri, species dubia, cum 
priore, [Octobothrium lanceolatum] ni fallor, conjugenda ”’)—footnote : “ Vers- 
chiedene Individuen von Octob. lanceolatum, welche ich untersuchte, hatten eine 
dieser Art sehr ahnliche Gestalt ’’—on the gills of 8S. scombrus; Dujardin, 1845, 
313 (as Octobothrium s.), pl. 8, fig. HZ :—good fig. of the genital hooks—on the 
gills of S. scombrus from Rennes; Diesing, 1850, 422: renamed Octocotyle 
truncata; Dies., 1858 e, 383: again renamed—Octoplectanum truncatum, 
and adds: ‘‘ Fortasse cum Grubea Cochlear identicum’’; Dies., 1859, 443: 
(as Octoplectanum truncatum Dies.—sp. ing.); v. Ben. & Hesse, 1863, 97-98 : 
(as Octocotyle scombri): mention that there are ten genital hooks, of which 
the first two are tridentate (referring to the two thick knobs—or broad spines— 
directed forwards on the basal piece, as figured by Duj.), also that the other 
five pairs, in two lines facing each other, have only a single point—on the 
gills of S. scombrus from the Belgian Coast ; v. Ben., 1871, 37: record of 
Octocotyle s. on the gills of S. scombrus from the Belgian Coast and English 
Channel, and adds that it is not common—only one or two being found at a 
time; Olsson, 1876, 8-9, figs. 5-8: (as Octobothrium s.) on the gills of S. scombrus 


. from Skagerrak ; fourteen worms found in four of the fifteen fish examined, 


and that in one there were ten worms, and they were fixed to the base of the gill- 
lamellae; Taschenberg, 1878, 574, 575, 576: (as Octobothrium s.) on S. scomber 
and S. colias from Naples: removes “ ? Octocotyle scombri’”’ of Grube (1855, 
137, pl. 6, figs. 1-3) to Pleurocotyle scombri ; 1879, 241, 242, 243: (id. nom.) ; 
Parona & Perugia, 1889, 742, fig. 3 (as Octocotyle scombri v. B. & H.): figure 
two hooks, which are described in the text as terminal hooks, but are 
clearly genital hooks (confirmed by the authors, 1892—q. v.)—that on the 
right being one of the antero-lateral pair with bifid base, and the smaller 
being from the inner double row of ten pairs—this fig. has given rise to 
many comments in the literature, and subsequent misunderstanding among 
recent authors who have not seen the correction: on the gills of S. scombrus 
from Genoa; St. Remy, 1891, 13 (as Octobothrium (Octocotyle) s.); Monti- 
celli, 1890, 421: criticizes Par. & Per. for attributing sp. to v. Ben. & Hesse— 
and on other points ; Par. & Per., 1892, 90-91, pl. 3, fig. 9: reply to the crit. 
of Montic., and persist in using ‘‘ Octocotyle scombri v. Ben. & Hesse (Octo- 
stoma scombri Kuhn)’, refer to previous fig. of genital hooks and herein 
give figs. of “hooks on the disc” [these are recognizable, except for an 
unfamiliar bulge on the shaft opposite to the median root of the anchor]; 
Goto, 1894, 203-207: divides Octocotyle scombri auctorum into two species : 
O. major and O. minor [neither of them bearing the original name], principally 
on the basis of the relative sizes and shapes of the clamps and posterior 
hooks [anchors], but also of the number of genital hooks and the body size: he 
examines previous accounts of the species from mackerel and considers that 
European authors have confused two distinct spp.—his criterion is in most 


cases the number of genital hooks: these discussions are continued in his — 
later paper (1899). [In another place (Sproston, 1945 a) it has been shown — 


that a recent study of the type species throws some light on this problem. 


oe. 
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The species dealt with so far by European authors is almost certainly K. scombri, 
and there is a wide variation in body size and shape due to differential 
growth and different degrees of maturity of the male and female organs 
(see figs. 85 a1 herein). Also there is an irregularity in the number 
of small genital hooks, and some may sometimes be lost. More rarely, 
‘the inner pair of (small) anchors may be lost—but they are always difficult 
' to see, and may have been overlooked by Goto]; Goto, 1894, 203-205, 
pl. 9, figs. 1-6: (as Octocotyle major) on the gills of S. colias from Misaki, 


; 


Figures 85 a-t. 


Growth phases of Kuhnia scombri 


Pon ——. 
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a-i: Kuhnia scombri, a selection of specimens to show extremes of variation during growth—note 
the alternation of sex phases and the differential growth of the parts leading to widely different 
proportions: all ventral aspect—specimen f showing situs inversus (after Sproston, in Parasitology). 


| 
. 
| 


Japan : main characters—4 mm. long ; clamps longer than broad—45 yp x 38 yp, 
arranged close to the lateral margins of the haptor; only one pair of 
anchors, the sickle-shaped end being hollow—100 w long, not counting curva- 
t ture; genital spines short and recurved, in five pairs ; penis with a central 
_ bulb and two antero-lateral reniform bulbs; ovary U-shaped; testes 
comparatively few; [O. minor is now recognized as a distinct sp., though 
with a greatly emended diagnosis—g. v.]; Goto, 1899, 274, 275, 276: further 
data from specimens of S. scombrus from Newport, Rhode Is., U.S.A., 
_ considers O. major as a syn. of O. scombri; St. Remy, 1898, 545-546 : follows 
Goto, 1894, but retains Octocotyle s., in addition to O. major and O. minor ; 
Pratt, 1900, 660: follows Goto in generic name, but retains only one sp., 
30 bri—fig. 34—‘“‘ on the gills of mackerel”; Th. Scott, 1901, 146, 
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pl. 8, fig. 20: (as Octobothrium s.) on the gills of S. scombrus from Aberdeen, 
Scotland ; A. Scott, 1900, 12: recorded (as Octobothrium s.) on S. scombrus 
off the Lancashire Coast—lIrish Sea ; Stafford, 1904, 482; (as Octobothrium s.) 
on S. scombrus from Canada; Nicoll, 1915, 360 (as Mazocraés s.): records 
from S. scombrus from Liverpool, Aberdeen, and Plymouth ; Baylis, 1928, 
332: (as Mazocraés s.) record on S. scombrus from Guernsey ; Layman, 
1930, 21-22, 54, figs. 2-3: (as Octocotyle s.) on the gills of S. japonicus from 
Peter the Great Bay at Vladivostok ; Plymouth Marine Fauna, 1931, 100: 
(as Octocotyle s.) on the gills of 8S. scombrus from Plymouth ; Baylis & Jones, 
1933, 629: (as Mazocraés s.) on the gills of S. scombrus from Plymouth ; 
Sprehn, 1933, 29: 5 to 6mm. long x 0-6 mm. (as Octocotyle s.); Baylis, 1939, 
475: records (as Mazocraés [Octobothrium] scombri) from Devon and Cornwall ; 
Rees & Llewellyn, 1941, 392, 393: record (as Mazocraés s.) on S. scombrus 
from the Irish Atlantic Slope (July). 

During the period 1939-1942 large numbers of mackerel have been examined from the West Channel 
area, and a few from the Bristol Channel and North Sea, on which Kuhnia scombri has been found to be 
common, though less so in winter. Eggs are produced in greatest quantity, and from large-sized worms, 
in the early spring when the fish are in close shoal off-shore. Similar eggs are produced by the progeny 
throughout the summer and autumn. All larvae found had the full complement of clamps, though 
in some the anterior pair was in process of formation. An alternation of male and female phases 
was found, and the gonads waxed and waned, producing the different appearances shown in figs. 85 a~ 
herein. The problems of relative growth and variation in size of certain organs have been discussed 
elsewhere, Sproston, 1945a. The clamp-skeleton is elastic and assumes slightly different shapes 
under different conditions of contraction of the muscles surrounding the capsule. It is usually slightly 
longer than broad, but becomes broader when removed from the capsule (cf. figs. 86 h, i, m and 
j, k,l herein). The size and shape of the eggs varied within the same sample of material, and the 
range is shown by the diagram of half-eggs in fig. 87 herein ; the size-range of 150 measured worms 
was from 1-32 mm. to 6-50 mm. long. 

K. minor (Goto, 1894) Sproston, 1945. 

Goto, 1894, 205-207, pl. 9, figs. 7-13: (as Octocotyle m.) on the gills of 
Scomber colias from Hagi and Misaki, Japan; chief characters :—worms 
only about half the size of ‘‘ O. major’ found on the same fish (2 mm. long), 
clamps slightly wider than long (3037 yw) arranged on the end of the 
body proper in parallel lines, the hinder pair only being close to the 
margin of the haptor. Two pairs of anchors, the inner, smaller pair being 
slightly curved and filiform—20 long, not accounting for the curvature, 
and the larger pair somewhat similar to those of “‘ O. major,” but wholly 
solid and shown to have a process near the proximal end instead of near 
the middle, as is usual in this type of anchor—37 yp long, not accounting for 
curvature. Genital spines longer than in “O. major” and in six pairs, 
the foremost being long and curved semi-circularly ; penis with a central 
and two lateral reniform lobes as in “‘ O. major,” testes more numerous than 
in the latter sp.; Goto, 1899, 274, 275, 276: (as Octocotyle minor) further 
attempts to sort out O. scombri auct. between O. major and O. minor—the latter 
was not recorded with O. scombri (Kuhn) [sensu Goto] from the mackerel 
examined from the Atlantic Coast of N. America ; St. Remy, 1898, 545-546: — 
accepts Octocotyle minor as a valid sp.; Layman, 1930, 54 (see Sproston, 
1945 a, 182): makes a reference in a footnote to ‘‘ Octocotyle maximus” without 
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giving refs., it may be that he found a distinct species, and had a faulty 
recollection of Goto’s name O. major—syn. of K. scombri—so that in fact 
Layman may have been referring to a large specimen of K. minor, such as 
those recently found at Plymouth. Layman’s name must, however, be regarded 


' Figures 86 a-s. 


a-m: Kuhnia scombri—Cuticularized structures—a, Genital pore and hooks in situ, ventral view ;. 
6, Hooks of antero-lateral pair—two views; c, Hook from the inner longitudinal rows; d,e, Surface, 
and deeper focal views of oral cuticularized suckers showing the arrangement of the refractile 
t prismatic fibres; f, Large anchor; g’, Various aspects of small anchors; g”, Larval hooklet 
from haptor; h, Clamp, closed, dorsal aspect; 7, Clamp, closed, ventral aspect; 7, Ventral 
and dorsal loops disarticulated, ventral view; k, 1, Middle piece from two ventral aspects— 
disarticulated ; m, Clamp, partly open, profile view ; n-s: K. minor—n, Dorsal view of genital 
pore and hooks in situ; 0, Anchor ; p, Small anchor ; g, Clamp which has been swung forwards, 
partly open, showing loops and inverted middle-piece from dorsal aspect; 7, Clamp closed, 

™ dorsal view ; s, Clamp open, ventral view (after Sproston, in Parasitology). 


as a nomen nudum. Three specimens in the present collection of mono- 
genea from the gills of mackerel have been assigned to K. minor: they were 


about a hundred times less frequent than K. scombri in the samples, and 
3F 


Vou. Xxv.—pParT Iv. No. 27.—1946. 


Kuhnia scombri: Left—Above: eggs, the two upper from spring and the two lower from autumn 
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they occurred on the same host together with the latter species. In spite 
of the great discrepancy in size—two of them being larger than any recorded 
specimen of K. major—it has been shown (Sproston, 1945 a) that they are 
almost certainly further grown worms conspecific with those found by Goto 
in Japan. They are distinguished from K. scombri in having a haptor not 
distinct from the body proper, and in the higher growth coefficient of the 
clamps, so that in larger specimens they are relatively very much larger 
than the clamps in K. scombri, which have a low growth coefficient, and show 
little increment during the adult life. The clamps are slightly broader than 


Eggs of 
K. scombri ( 
, \( 
} 


160-] Variations 


Figure 87. 


in size 


60 40 20 0 20 40 60 


specimens ; Below: superimposed camera-lucida drawings of outlines of half-eggs, to show 

variations in size and shape. K. minor: Right—the three known specimens of K. minor drawn 

to same scale— A” from off-shore mackerel landed at Plymouth (9th April, 1940); “B” 

from inshore mackerel at Plymouth (29th October, 1940); ‘‘C” from Goto’s original figure 
of the species from Scomber japonicus, Japan ; (A, B dorsal, and C ventral views) (after Sproston, 

in Parasitology). 

long and their sclerites are more heavily cuticularized (see figs. 86 q, 7, 8 

herein). The large anchors are relatively smaller and much more slender, 

while the small anchors are sharply sigmoid and absolutely, as well as relatively, | 
smaller (figs. 86 p,o herein). The genital hooks are similar to those in the 
type species, but there is a bigger difference in the size of the antero-laterals 
and the inner pairs (probably eight pairs compared with five pairs in 
K. scombri)—see fig. 86 herein. From the specimens available it appears — 
that this species also shows an alternation of sex phases during growth (see ; 
figs. 87 a,b,c). No egg-bearing worms were found. 


K. macracantha (Meserve, 1938), n. comb. 

Meserve, 1938, 48-50, pl. 6, figs. 25-29: (as Mazocraés macracanthum) 
on the gills of an unidentified species of mackerel from Tagus Cove, Albemarle 
Isl., Galapagos Is.: the worms showed a low size-range (1:47 to 2:34 mm. 
long), but were apparently adult, though no eggs were found. The clamps are 
arranged in two nearly parallel rows on an extension of the body proper, as in 
K. minor, though there is a slight constriction in front of the haptoral region ; 
the clamps are not shown in detail but they are similar in general plan to the 
mazocraeid type, and are slightly broader than long—the mean square root of 
their area is 65, 7. e., larger than either those of K. scombri or K. minor 
of the same body-size. The anchors, on the other hand, are almost identical 
with those of K. scombri, though they are (relatively to the haptor) smaller— 
the specific name refers to their being much larger, relatively, than those of 
K. minor; the genital hooks are almost identical with those of K. scombri, 
though there are only four inner pairs; a comparative diagnosis is given for 
each of these three species in Sproston (loc. cit.). 

_[?] K. bramae (Parona & Perugia, 1896), n. comb. (gen. ing.). 

Par. & Per., 1896, 1, figs. 1-2: (as Octobothrium b.) on the gills of Brama 
rayt from the Mediterranean; the figs. are not sufficiently clear to be certain 
of the genus of this worm : it differs from the genotype in having pedunculated 
clamps and a triangular haptor bearing a small lappet with two pairs of anchors, 
and also in the genital armature, which consists of 32 hooks arranged in a 
circle on a globular penis; St. Remy, 1898, 547-548: summary of Par. & 
Per.’s description, but allies the species with Octocotyle (sensu Goto 
[=Kuhnia]); Sprehn, 1933, 29: (as Octocotyle b. and congeneric with 
[K.] scombri). It is only very tentatively regarded as a member of the 
genus Kuhnia herein. 

(?) K. thunni (Ishii & Sawada, 1938), n. comb. (gen. inq.). 

Ishii & Sawada, 1938, 235-236: a redescription and renaming of Dactylo- 

cotyla minor Ishii, 1936, 783-784, fig. 3, from the gills of Thunnus orientalis 

from Japan—non Dactylocotyle minor (Olss., 1868) St. Remy, 1898, 551 

| =Diclidophora' minor (Olss.)|—as Dactylocotyla thunni, n. n. The original 
description is unobtainable, but from the following points, from the redescr., 

it appears to belong to the genus Kuhnia: genito-intestinal canal present 

but vagina lacking; intestinal crura reach three-quarters of the body 

length ; testes with 10 follicles, genital pore at the level of the intestinal 
bifurcation—atrial complex 49 » diam. and penis bearing 10 spines ; uterine 

¢ eges 92 u X32 py, with a filament at each pole ; two unequal pairs of anchors — 
the outer 116-125 long and the inner 20-24 long; Price, 19436, 45, 
footnote (4), states: ‘* Dactylocotyla minor Ishii, 1936, renamed D. thunni 
Ishii, in Ishii & Sawada, 1938, does not belong to the genus Daciylocotyle 

(=Dichdophora) but is a species of Mazocraés.” 
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Price, 1936, ‘13: prelim. account—a summary of characters which are 
considered to be sufficient for recognition and to establish its priority over 
a the genus created by Yamaguti; Yam, 1938, 27—as Pseudoctocotyla, n. g.— 
. _ diagnosis, and states that it is distinguished by the arrangement of the elantps 
3F 2 
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and by the possession of a blind vagina; Linton, 1940, 15: (as Mazo- 
craeoides\—describes the same sp. on which the genus was based, but 
gives no generic diagnosis. On comparing the Japanese and American 
spp. it appears that they are congeneric, so that Pseudoctocotyla Yam. is 
here regarded as a synonym (placed in Octocotylidae by Yam.). 

Generic diagnosis.—Mazocraeidae with typical clamp skeleton. Body 
broad and flattened, and the haptor not differentiated as a separate organ, 
but the clamps arranged on the margin of the body proper—the anterior 
pair may be anterior to the middle. A short terminal lappet bearing three 
pairs of anchors. The richly branched intestinal crura are accompanied by 
vitellaria to the posterior end of the body. Ovary looped and extending 
to the posterior third of body, sometimes posterior to the testes. The latter 
may be follicular or a compact ovoid mass near the middle of the ovary, 
usually on its left side. Genital pore armed with numerous small hooks, 
or with a single large pair with alate spines at their bases. A single dorsal 
vagina present which may end blindly. Eggs large and thick-shelled, without 
polar filaments. 

Type species : Mazocraeoides georger Price, 1936. 


Figures 88 a-c. 


=> 
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a-c: Mazocraeoides dorosomatis—a, Complete worm, ventral view ; 6, Terminal genitalia ; c, Sclerites 
of clamp (after Yamaguti). 


M. george Price, 1936. 
Price, 1936, 13: prelim. note, on the gills of Pomolobus pseudoharengus 
from U.S.A.; Linton, 1940, 15-16, pl. 16, figs. 202-209: on the gills of 
Pomolobus pseudoharengus and P. mediocris from Woods Hole, U.S. Atlantic 
Coast : the great contractile power of this species is noted, the clamps some- 
times appearing on flexible peduncles, extending outwards for more than — 
half the breadth of the body, and at others so contracted that they are buried 
in the body margin. The feature which most clearly separates this sp. from 
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M. dorosomatis is the type of genital armature. The genital pore is elongate 
oval in life and surrounded by numerous small recurved hooks and without 
the outwardly curved lateral pair characteristic of the family. 

M. dorosomatis (Yamaguti, 1938), n. comb. 

Yam., 1938, 25-27, pl. 4, figs. 12-14: (as Pseudoctocotyla d.) on the gills of 
Dorosoma thrissa from Benten-zima, Sizuoka, Japan. Distinctive features 
of this sp. include the great enlargement of the ovary, extending to the level 
of the last pair of clamps, and the reduction in size of a compact testicular 
mass lying at the side of the ovary, at about the middle of its length. The 
vagina is small and blind, and as a probable consequence, there is an 
enormously dilated genito-intestinal canal on the left side, extending obliquely 
across the body to open into the right crus between the anterior end of the 
ovary and the transverse vitelline duct. The genital armature is very 
different from that of the type sp., in that the small inner hooks are absent, 
and there is a single pair of large outwardly-curved laterals with bicuspid 
bases. (Figs. 88 a—c herein). 

The unusual development of the ovary and reduction of the testis may not be of great importance, 
but, in view of what has been found in K. scombri, may be a phase of the alternation in development 
of the male and female organs. In this case the testis is in abeyance, and in the specimens of M. georgei 
figured by Linton (loc. cit.) the testicular phase appears to be at its height. This suggestion is not 
intended to explain away the whole of the difference in the relative proportions of the gonads in the 
two species ; but factors of this nature have to be borne in mind when defining species from one or two 
samples only, or samples collected only at one season. An illustrative instance is seen in the young 
and fully-grown specimens of Lepidotrema therapon (see figs. 28 a and f herein). In the former the testis 
is enormously developed and mature, yet the ovary is immature and the prostate glands and vesicula 
seminalis are stillsmall. In the latter the testis is shrunken and partly obscured by the mature ovary, 
while the anterior half of the body is distended by the filled vesicula seminalis and the enlarged prostate 
glands and by the terminal genitalia of the male system. 

Neomazocraes Price, 1943. 

Price, 1943 a, 10 footnote: renaming Discocotyle dorosomatis Yam., 1938 
(as Neomazocraes d.), creating a new genus on the basis of the structure 
of the clamps and the armed cirrus, and placing it in Mazocraeidae. Though 
this genus shows only remote relationship with Mazocraés, it is perhaps 
more allied to Mazocraeidae than to Discocotylidae, in spite of the 
conspicuous Y-shaped vagina with the marginal pores. The skeleton of 
the clamps, as figured by Yamaguti, is unique; but they lack the central 
spring composed of the cuticularized tendon of non-mazocraeid genera, 
and the springs appear to be developed laterally between the ventral and 

t dorsal loops, in spite of the articulation shown in Yamaguti’s figure. The 
genus may prove to be transitional between the two families. 

Generic diagnosis.—Mazocraeidae with clamps of a unique type: dorsal 
and ventral loops slender and middle piece highly developed, though there is, 
apparently, no cuticularization of the tendon to form a median spring. The 
muscle perforates the posterior scoop-shaped part of the middle piece and its 
anterior portion is separate (?), composed apparently of two fused Y-shaped 

moieties with antero-lateral wings. The haptor is not distinct, but the 
clamps are attached on short pedicles to the posterior quarter of the body 
proper. The intestine and vitellaria reach almost to the last pair. There is a 


i 
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short terminal lappet bearing three dissimilar pairs of simple anchors. 

Numerous testes in two rows lie posterior to the ovary in the posterior half 

of the body. The ovary is much coiled. There is a wide vagina with a long 

median stem and short dilating lateral arms which open in conspicuous. 

marginal pores, as in Discocotylinae. The male pore and its armature are 

very similar to those of Kuhnia. 

Type species : Neomazocraes dorosomatis (Yamaguti, 1938) Price, 1943. 
N. dorosomatis (Yamaguti, 1938) Price, 1943. | 

Yam., 1938, 24-25, pl. 3, figs. 8-10, pl. 4, fig. 11: (as Dascocotyle d.) on the 

gills of Dorosoma thrissa at Benten-zima, Sizuoka, Japan : ¢f. with Discocotyle 

salmonis Schaffer, as its nearest relative: differing in having three pairs of 

anchors and two sucker-like vaginal pores, and a long unpaired vaginal canall,. 


Figures 89 a-d. 


a-d : Neomazocracs dorosomatis—a, Complete worm, ventral view ; 6, Terminal genitalia ; c, Sclerites: 
of clamp; d, Anchors (after Yamaguti). 


and considerably in the skeleton of the clamps; Brinkmann, 1942 a, 20, 
footnote: discusses reasons for removing sp. from Discocotyle and suggests 
its place in Mazocraés; Price, 1943 a, 10, footnote (as Neomazocraes d.) : 
points out that it lacks the distinctive bent crook-shaped anchors so. 
typical of Discocotyle, and is unlike D. salmonis in having an armed cirrus. 
The anchors are simple in that they lack the muscle-spur near their mid- 
length, which is characteristic of mazocraeid anchors. They are slender and 
have simple bifid roots, which apparently also serve as muscle-attachments. 
There are two lateral genital hooks on separate bulbs, as in Kuhnia, and 


an inner row of five pairs of incurved hooks, as in K. scombri. (Figs. 89 a-d 
herein.) 


DISCOCOTYLIDAE Price, 1936. 


Price, 1936, 13: created to include Discocotylinae Price, 1936, and Antho- 
cotylinae Price, 1936; Price, 1943 a, 10-15: definitions and keys to fam. and 
subfams., and the creation of a new subfam. for Vallisia Par. & Per. [Though 
Price emphasized the importance of clamp structure in the classification of 
Diclidophoroidea, he did not take the matter further than referring his readers. 
to type diagrams of clamps.] If the homology of the parts of the clamp skeleton. 
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be accepted, then the present family is seen to show numerous minor modifications 
of the central type found in Discocotyle. Those genera having similar types are herein 
grouped into subfamilies, and the morphology of the other organs is found to 
fall into these same groups (see Sproston, 1945 6). Some genera have been added 
to Price’s three subfams., and Plectanocotylinae Montic., 1903, has been revived. 
It was originally placed in Hexacotylidae Montic., 1899, which was created for 
those monogenea with six suckers—irrespective of their structure. Thus, such a 
heterogeneous group included Hexabothriidae and Plectanocotyle. It is unnecessary 
to stress the unimportance of the number of clamps developed in this superfamily, 
as it is obviously their structure which is significant—hence also the unreality of 
Octocotylidae. 

Among the very numerous modifications of structure and habit found in Disco- 
cotylidae are the several separate appearances of asymmetry, which may bea sign 
of the phylogenetic plasticity of these forms. The asymmetry in Anthocotyle, 
for instance, is highly irregular. Some individuals have the larger anterior clamp 
on one side of the body, and some, from the same batch of fish, may have it on 
the other ; while in others the anterior pair of clamps may be nearly equal in size. 
The family is clearly polyphyletic, and represents only a tentative grouping for 
convenience of those genera which are probably nearest to the evolutionary stem 
of the superfamily—though they are probably not the most primitive members. 
From the point of view of clamp-structure the most primitive members are thought 
to be represented by the Mazocraeidae, and, on a divergent line, the Chimericolidae— 


_ the Choricotylinae and Hexostomatidae representing the ends a two different 


lines of evolution. 

Family diagnosis.—Diclidophoroidea, in which the body or only the haptor 
may sometimes be asymmetrical... Clamp structure distinctive: ventral loop 
complete and often with articulations, dorsal loop incomplete, represented by 
two inwardly-directed arms; middle piece usually not well developed farther 
than its posterior rim, which is in at least two parts, though it may carry 
accessory sclerites as in some Microcotylidae. The tendon is always well 
cuticularized and forms a single median spring. The number of clamps is never 
more than eight. <A terminal lappet is often present, bearing one to three dissimilar 
pairs of anchors. 

Type genus: Discocotyle Diesing, 1850. 


Key to the Subfamilies of Discocotylidae Price. 


1. Testes pre-ovarial; body asymmetrical; clamps without accessory 


i OMTEMEE TINGLE fycig ohn 06. Jat eme aga tame leah Ll. e se. VALLISIINAE. 
Testes post-ovarial ; body symmetrical ; clamps with or without accessory 
MMPIERte GITEUS AIMOU,OF UNATMO |. ood. coche halt wes cece secsccce. 2. 
2. Clamps with accessory sclerites ; all equally developed ; cirrus armed ; 
MARUIAPB DSO oc cet teste e certs cts esernseccesresecees PLECTANOCOTYLINAE. 


Clamps without accessory sclerites ; clamps may be unequally developed 

or reduced in number ; cirrus armed ; vagina, if present, Y-shaped with 

marginal pores (except in Bicotylophora) .........-..0. eee cence eee ANTHOCOTYLINAE. 
_ Clamps without accessory sclerites ; equally developed in four pairs on 

 @ symmetrical haptor ; cirrus unarmed ; vagina, if present, Y-shaped 
pra marginal pores, or single ; anchors always of special type (bent 
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DIscocoTyLINAE Price, 1936. 


Price, 1936, 13: name only; 1943a, 10: diagnosis—to include the three 


genera included herein. 

Subfamily diagnosis.—Discocotylidae with symmetrical body and haptor which 
bears four pairs of equally-developed clamps and a short terminal lappet with 
one pair of bent crook-shaped anchors only. Individuals beyond the earlier 
larval stages may be fused, in (permanent) copula, in the form of an “ X” (Diplozoon). 
Terminal male genitalia in the form of an unarmed cirrus or sucker. Vagina, if 
present, either Y-shaped with two marginal pores, or single and ventral. Testes 
follicular, lobed, or a compact mass, post-ovarial. Eggs with or without filaments. 

Type genus: Discocotyle Diesing, 1850. 


Key to the Genera of Discocotylinae Price. 


1. Mature individuals in pairs in the form of an X ......... eee eeccceccesseerees Diplozoon. 
Mature individuals single .....5 23.45 25+ sof acnles en «eg asi alphas Uninet 2. 

2. Genital sucker present ; vagina absent ; testis lobed ............-2.ceeeeceeee Octomacrum. 
Genital sucker absent ; Y-shaped vagina present; testes follicular.............. Discocotyle. 


Discocotyle Diesing, 1850. 

Dies., 1850, 290, 423-424 ; 1858 e, 315, 384: renamed (as Placoplectanum) ; 
Braun, 1890, 518 (as Discotyle—misprint) ; Fuhrmann, 1928, 20, 21, 25, 30, 
fig. 31 a—of genital ducts of Discocotyle sp.—comp. anat.; Sprehn, 1933, 
11, 29, syst. ; Southwell & Kirshner, 1937, 430 (as a syn. of Mazocraés Herm.— 
no reasons given); Brinkmann, 1940, 19, cf. symmetrical clamps with the 
asymmetrical clamps of Diclidophoridae ; 1942 a, 20, cf. with Chimaericola ; 
Price, 1943 a, 10: syst. and diagnosis : removes Discocotyle dorosomatis Yam. 
from genus—to Neomazocraes d. in Mazocraeidae: Price’s concept of the 
genus is adopted herein. 

Generic diagnosis.—Discocotylinae with a Y-shaped vagina opening in 
two marginal pores near the level of the genital atrium. Cirrus uncuticu- 
larized, without hooks or spines and usually extended. Testes: very 
numerous follicles in posterior half of body. Ovary near their anterior border. 
Eggs very large, without filaments. Vitellaria massive, but not in the 
central region of the body nor over that part of the branched crura which 
may enter the haptor. Parasites of Salmonidae. 

Type species: Discocotyle sagittata (Leuck., 1842) Dies., 1850. 
D. sagittata (F. 8. Leuckart, 1842) Diesing, 1850. 

Leuck., 1842, 48-57, pl. 2, figs. 5a-k: (as Octobothrium sagitiatum) on the 
gills of Salmo fario from Germany ; records (p. 31) that Schultze, in Zaringer’s 
dissertation on the salmon (Freiburg, 1829 (8) p. 21) mentioned the same worm 
under the name of Cyclocotyla lanceolata, but included no description ; 
Leuckart found the worm himself and here gives a recognizable description and 
figures of it for the first time—hence Cyclocotyla lanceolata is a nomen nudum; 
Dies., 1850, 423-424: (as Discocotyle sagittata) the only certain sp. of n. gen.; 


1858, 384: renamed (as Placoplectanum s.); [There is no mention of this sp. 


in Dies., 1859 c, 443, though Stiles & Hassall, 1908, 326, make an erroneous — 
ref. to this, indicating that Diesing united it with Octoplectanum longicolle 


and O. palmatum—which is incorrect.]; Olsson, 1893, pl. 1, figs. 14: — 
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(as Octobothrium s.); Pratt, 1900, 656, 657, 660 (key), fig. 33: (as Octoboth- 
rium s.); Hofer, 1903, 38-39, 1 fig.: (as Octobothrium s.) reported from Europe 
as the cause of pernicious anaemia in salmon: on the gills of Salmo fario, 
S. trutia and Coregonus lavaretus; Liihe, 1909 6, 7, fig. 3: (as Discocotyle 
sagittatum) on the gills of Salmo fario L., S. irideus L., Thymallus thymallus 
and Coregonus oxyrhynchus from Germany; Rushton, 1922, 161-3, figs. 1-2: 
an epidemic on 8S. iwrideus in Jersey—200-300 on one fish; Plehn, 1924, 
343, fig. 29: (id. nom.) up to 7°55 mm. long; Baylis, 1928, 332: (as 
Discocotyle sagittata), record on 8. trutta from Jersey; Thapar, 1929, 
196: ref. to paper read on excretory syst. of this sp. from India; Sprehn, 
1933, 29: (id. nom.) on S. trutta, 6-9 mm. long x 2 mm.; Southwell & 
Kirshner, 1937, 431-433, fig. 3: (as Mazocraes s.) on the gills of the brown 


Figures 90 a-c. 


: Discocotyle sagittata—a, Complete worm, dorsal view; 6, Two views of anchors; c, Clamp, 


ventral view, partly open (original). 


trout from North Wales; an extremely inaccurate description: vaginae 
described as the transverse excretory vessel; the following considered to 
be synonymous with the present species—Diclidophora merlangi, D. prionoti 
and D. cynoscioni—but no reasons given ; Scheuring, 1938, 535-550, figs. 1-3: 
descr. on S. trutta; Friend, 1939, 123-126: records on the brown trout, 
S. trutta: common nr. Edinburgh, and always on trout in Talla Reservoir, 
Peeblesshire, also from Perthshire and Barra, Outer Hebrides, Scotland ; 
Baylis, 1939, 479: (as Mazocraés s.) record from Yorkshire ; Price, 1943 a, 
12: (as Discocotyle sagittatum) cf. with D. salmonis, notes that as there is no 
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accurate descr. of the European species available, it is not possible to be 
certain that these two are distinct. Miss Dilys O. Jones (personal communica- 
tion from unpublished MS.) records this sp. on the gills of S. trutta from Lake 
Windermere. (Figs. 90 a—c herein.) 


Mr. G. F. Friend has very kindly lent specimens of D. sagittata from Scotland for the present 
examination. The only specimen containing an egg has been figured herein. It is a whole-mount, so 
that the significance of the transparent egg-capsule could not be made out fully—it may be the lining 
of the shell-gland, or the shell from which the segmented ovum had been expelled by pressure during 
mounting—most probably the latter, since a similar structure was not seen in the other worms examined. 
The “expelled ovum ” measures 30 » x 142 and has a “shell” 4-5 thick. Other measurements 
on two specimens (a) and (6) are: Length, including haptor, 2250 pu (a), 2350 w (b) ; width (at ovary 
level) 1167 » (a), 960 u (6) ; haptor length 335 p (a), 585 w (b), max. width 710 p (a), 710 (6) ; cuticular 
mouth suckers 84 x 74 p (a), 64x 60 p (b); pharynx 85 x 72 p (a), 63 x 61 p (b); cirrus, in both extended, 
60 long; distance of vaginal pores from anterior end 300 (a and 6). Ovary and testes poorly 
discernible owing to inner rami of intestine and accompanying vitellaria obscuring their limits— 
the intestine contained blackish pigment-granules in great abundance—in (6) mid-point of ovary to 
anterior end measured 12504. Owing to the clamp-capsules being tilted ventrally to varying degrees, 
it is not possible to give reliable figures for their length in most cases. Projected width measurements 
are fairly reliable: for (a) right side—beginning with anterior clamp (120 w long x 182 w wide), the 
following are width measurements :—193 p, 197, 171; left side—194 py, 21lp, 21lp, 190 py; 
(b) left side—1l14u long x 176 » wide, and width of next three 200 », 200», 168 », respectively. The 
length of the bent anchors is about 40 y, with a reflexed tip 5-6 u in length. 


D. salmonis Schaffer, 1916. 

Schaffer, 1916, 257-271, figs. 1-10: on the gills of Salmo irideus from the 
New York State Hatcheries: descr. The clamps are borne on a nearly 
rectangular haptor. The ovary is coiled “like the gastric mass of a snail ”’, 
and below it there are about 23 testicular follicles; Plehn, 1924, 343: (id. nom.) 
up to 5 mm. long; Price, 1943 a, 11-12, figs. 1 A—H: redescr.—identifies all 
discocotylids from salmonids in U.S.A. with this sp.—from N.Y. Aquarium, 
Cold Spring Harbour, Long Island, and other museum specimens, on 
S. irideus, S. salar, 8. fario, Salvelinus fontinalis and. Leucicthys ontariensis : 
considers that it is doubtful if this represents a distinct sp. from the European 
D. sagittata. The lanceolate body is 5-5-7 mm. long and 1-7 mm. wide ; 
haptor 680-850 w long and c. 1 mm. wide; clamps of first three pairs about 
equal, 235-247 » wide; anchors c. 38 long; pharynx oval, 60-114» long 
and 65 wide; the branched crura extend into haptor but the vitellaria 
do not enter it ; the club-shaped, extended cirrus is 76-115 u long ; 82 testi- 
cular follicles are figured; vaginal apertures are 595-680» from ant. end ; 
eggs (three or four present in uterus at a time) 254-265 pw long and 133 » wide, 
with a small button-like knob at the abopercular pole.: [There are differences 
in proportions and possibly in the shape of the haptor from the European 
species, which may, however, be expressions of relative growth: the latter 
being described from smaller (and less extended) specimens. When dealing 
with quantitative differences between species, where there appear to be no 
well-marked qualitative differences, it is necessary to examine measurements 


over a very wide range in order to exclude differences due to varying growth 


potentials of gonads in relation to the growth of the body as a whole— 
cf. sex cycles in Kuhnia scombri and differential growth of body as a whole 
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and of the clamps, for example, in K. minor. (Figs. 85 and 87 herein.) As a 
matter of convenience, these two species of Discocotyle are regarded as 
; separate until the contrary can be proved. | 

‘. (?) D. sybillae (Th. Scott, 1909), n. comb. (sp. ingq.). 

.-" Th. Scott, 1909, 77, pl. 4, fig. 12: (as Octobothrium s.) on the gills of Salmo 
; fario from Loch Tay, Perthshire, Scotland: the description is brief and the 
figure vague, so that it is impossible to define it in contrast to the type 
species. It is 2-5 mm. long—though somewhat contracted—but the disposition 


: of the clamps and haptor and general outline suggest a small specimen of 
' D. sagitiata. It is to be noted that G. F. Friend has found the latter sp. in 
this region. . 


Octomacrum Mueller, 1934. 
y Mueller, 1934 6, 360: definition of monotypic genus; Price, 1943 a, 12: 
f emended diagnosis. 
e Generic diagnosis.—Discocotylinae, in which vaginae are absent and in 
, which there is an unarmed genital sucker. The testis consists of a single, 
extensively lobed mass occupying the posterior half of the body proper. 
? The vitellaria are confined to the lateral fields, but do not enter the haptor. 
Bent crook-shaped anchors occur as in other members of the subfamily. 
Type species: Octomacrum lanceatum Mueller, 1934. 
~~ 
* 
bd 
7 
4 
a. 
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Figures 91 a-c. 


a-c: Octomacrum lanceatum—a, Complete worm, ventral view; 6, Middle region showing femaie 
ducts, from right side ; c, Clamp, ventral view (after Mueller, and partly after Price). 


0. lanceatum Mueller, 1934. 

7 Mueller, 1934 6, 360-361, pl. 46, figs. 1-9: (syn. Octobothrium sagittatum of 
Wright, 1879) on the gills of Catostomus teres of uncertain origin, but probably 
from the Toronto region of Canada: Wright’s specimens re-examined by 
Mueller and compared with material from Catostomus commersoni and 
_ Erimyzon sucetta oblongus from the State Fish Hatchery at Constanta, N.Y., 
U.S.A. (with which the original material agrees): the infection was equally 
_ well established in both spp. from the latter place, but the parasite was not 
- 7a 3G2 
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found in Oneida Lk. nearby, nor in any of its tributaries ; Price, 1936, 13: 
included in Discocotylinae ; Price, 1943 a, 11-13, figs. 1 F-H: re-examina- 
tion and redescr. with corrections. [The haptoral skeleton, as figured by 
these authors, appears to be more simplified than in Discocotyle spp. in that 


the loop representing the opposable middle-piece is not articulated at the’ 


sides, and the ventral loop with its dorsal arms is not so heavily cuticularized. 
The capsule-wall appears to be strongly muscular and the median spring is 
correspondingly well developed, showing lacunae representing muscle-attach- 
ments.] The anchors are about 57 long and are very similar to those of 
Diplozoon paradoxum, except that the tip is recurved parallel to the distal 
portion of the crook (cf. fig. 92 c herein). The delicate anchors were not seen 
by Mueller. Within the genital sucker there is a cuticularized cirrus about 
50 long, similar to that of D. salmonis. No eggs have been seen. Figs. 
91 a-c herein: in (6) is a reconstruction from sections of the female ducts 
from the right side (after Mueller). The ootype is seen surrounded by a mass 
of unicellular glands, and on the left is the median vitelline reservoir— 
the genito-intestinal canal is seen entering the oviduct on the right of the 
figure. There was no trace of a vagina. 


Duplozoon v. Nordmann, 1832. 


Nordmann, 1832 a, 56-76 (monotypic, with D. paradoxum); 1840, 599 ; 
Burmeister, 18356, (as Diplozoum) ; Duj., 1845, 316, fig. H (as “Diporpa ”— 
name for the immature, free form; Dies., 1850, 90, 422-423: (as Diplozoon) ; 
also as separate gen.—Diporpa Duj.—p. 272 (as D. dujardini); 1858 e, 
315, 387 (and as Diporpa, p. 386); v. Ben., 1858, 38, 168, 172, 345; Tasch., 
1879, 232, 233, 238, 249: (syn. ““Diporpa”’ Duj.); Montic., 1888 a, 11, 15, 
37, 49, 51, 52, 53, 55, 57, 58, 59, 60, 61, 63, 64 (also cited as Diploozoon and 
Diploozon) ; Goto, 1891 a, 167, 168, 169, 170, 176, 177, 178, 181, 183, 186, 
187; 1891 c, 103; 1893 a, 800 (addition of second sp. to genus); 1894, 
6, 37, 38, 62, 70-71, 75, 79, 88, 129, 159, 160, 162, 166, 167-168, 172, 173, 
175, 182: comp. anat.; Liihe, 1909 6, 6, 7, (in Octocotylinae) ; Wegener, 
1910, 58-59; Fuhrmann, 1928, 9, 10, 12, 15, 19, 23, 24, 30: comp. anat. 
(in Octocotylidae) ; Vlassenko, 1928, 236, 240: cf. with [Aviella] baikalensis, 
and comp. anat.; Bychowsky, 1934, 207; Price, 1936, 13: in Disco- 
cotylinae; 1943a, 10, 13: syst.—associates it in same subfam. with 
Discocotyle and Octomacrum because of the similarity of the clamp saaat 
and anchors. 

Generic diagnosis.—Discocotylinae in which the late larvae and mature 
forms are united in the form of an “ X” in copula—genital pores all close 
together in the posterior half of the body and united with the complementary 
pore of the partner worm. Vagina single (? originally beneath the dorsal 
papilla), lateral to the median line on the ventral surface. Testes rounded, 
with crenulate margins, posterior to the looped ovary and partly entering 
the haptor. Vitellaria massive, with large follicles filling the available space 
in the anterior half of the body, between the branched intestinal crura. 


_ Haptor concave—the four clamps on either side close to each other and to 


the margin—in thick capsules. The ventral capsule-wall shows papilla-like 


at 


v 
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processes within the area bounded by the ventral loop. One pair of bent 
crook-shaped anchors lies on the ventral surface of the adult at the posterior 


Figures 92 a-f. 
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nant : Diplozoon paradoxum—a, Semi-diagrammatic view of two adult worms in copula, showing 
___- permanent fusion of complementary genital ducts—note that the four clamps on each side are 

held together in a common sheath, so that the capsules with muscular lips only are seen in this 

fig.; 6, Isolated clamp from late larval worm shown partly open, ventral view ; c, Anchors ; 
- d, Egg, showing operculum and very long coiled filament ; e, Recently-hatched ciliated larva—note 
_ that only the hind pair of clamps has developed, and that these and the anchors are relatively 
large ; f, Two late “ Diporpa” larvae about to fuse by the genital sucker of one becoming attached 
to the dorsal papilla of the other—note the more anterior of the three pairs of clamps begin 
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D. paradoxum Nordm., 1832. 


D. indicum Dayal, 1941, 93-98: on gills of Barbus sarana from Lucknow. 
D. nipponicum Goto, 1891. 
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Nordm., 1832 a, 56-57, pl. 5, figs. 1-5, pl. 6, figs. 1-2: on the gills of 
Cyprinus brama (Europe); 1833, 373-396, pl. 20, figs. 1-4; Duj., 1845, 
316, fig. H—as “Diporpa”; Wagener, 1857, 96, pls. 9-10: on the gills of 
Leuciscus rutilus and Esox lucius; v. Beneden, 1858 a, 39-44, 53, 66, 99, 
169, 176, 186, pl. 4, figs. 1-12; Dies., 1850 a, 420—(as Diporpa dujardinit), 
423: summary of the older lit. and records on Abramis brama (by v. Nordm.), 
A. blicca, Chondrostomus nasus (by Kollar); A. balerus, A. vimba, Leuciscus 
erythrophthalmus, L. jeses, L. rutilus (by Crepl.); L. dus (by Duj.); 
L. prasinus, Gobio fluviatilis (by Vogt); Dies., 1858 c, 269-272; 1858 e, . 
386-387: (syn. Diporpa dujardinic Dies. of v. Sieb.) on the gills of Phoxinus 
laevis; also on Carassius gibelio and Rhodeus amarus (by Heller); 1859 6, 
444: on the gills of Abramis brama from Belgium (by v. Ben.); Zeller, 
1872 (May 3), 168-180, pl. 12, figs. 1-13: development and descr. of larval 
forms; 1872 (Sept.), 99-112; 1888 (Mar. 23), 233-239, pl. 19: descr. of 
genital syst.; Dieckhoff, 1891, 252-253: on the presence of a genito- 
intestinal canal; Olsson, 1893, 6 (recognizes both Diplozoon p. and Diporpa | 
dujardinit), pl. 1, fig. 5; Sramek, 1901, 95, 109, fig. 63; Liihe, 1909 6, 7, 
fig. 4: records the following hosts from Europe: Carassius carassius, 
Rhodeus amarus, Abramis brama, A. vimba, A. ballerus, A. bjoerkna, Scardinius 
erythrophthalmus, Leuciscus idus, L. rutilus, L. phoxinus, Chondrostoma nasus, 

Gobio gobio and Cottus gobio, also Lota lota ; Wegener, 1910, 59-60: records 

it on seven of Liihe’s list from E. Prussia; Bychowsky, 1929, 15, 20: in 
Kostroma region on R. rutilus 31:5%, B. bjoerkna 20%, A. brama 

100% and P. cultratus 14.2%; 1934, 207: in survey of species of 
parasites from Lk. Beloje (nr. Leningrad) reports it on Abramis brama (60 %), 

Rutilus rutilus (20%), Pelecus cultratus (13:3 %), Gobio gobio (80 %), 

Blicca bjoerkna (66-6 %)—1-5 only found on the gills of each 
infected fish; Dogiel & Petruschewsky, 1933, 406-7: (from Newabucht) on 

Lk. Beloje hosts, also L. leuciscus, L. idus, S. erythrophthalmus, Leucaspius 
delineatus, A. alburnus and V. vimba; Sachwatkin, 1936, 190-1: from River 

Kama, U.S.S.R., on R. rutilus 68-7 %, L. cephalus 16-6 %, and L. idus 60 % ; c 
Irene Bychowsky, 1936, 125: from various Karelian Lakes, U.S.S.R., on , 
R. rutilus 33:3 % and 6-7 %, and S. erythrophthalmus 13:4 %. Mr. Harold | 
HK. Davenport (personal communication from unpublished data) reports that } 
this sp. is fairly common on the gills of Leuciscus rutilus (and probably on its 
indeterminate hybrids with L. erythrophthalmus) from the lake in the grounds 
of University College, Nottingham. Specimens have been lent for 
examination, but no new data could be determined from the whole mounts, 
which agreed in all particulars with the account by Zeller (1872, lec. cit.). 
(Figs. 92 a-f herein.) 


Goto, 1891 a, 151-192, pls. 21-23: on the gills of Carassius vulgaris from 
Japan; 18916, 472-473 (abstract). This sp. differs from the genotype in 
the smallness of the clamps, and in the greater length of the hind-body, 
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the short vitello-intestinal canal and the presence of paired glands near the 
mouth—also in the lack of diverticula in the posterior region of the intestinal 
crura. Price, 1943 a, 13: as a valid sp. 


VALLISIINAE Price, 1943, emend. 


Price, 1943 a, 10,13: created for Vailisia Per. & Par. (monotypic—as Vallisinae) 
on account of the unique type of asymmetrical body and the pre-ovarial testes 
the number and type of anchors also distinguishing it from Discocotylinae and 
other related genera. As a matter of convenience, and as a temporary measure, 
until our knowledge of these aberrent forms is increased, it is proposed herein to 
include Protomicrocotyle Johnst. & Tiegs in this subfam., since it is the only 
other monogeneitic genus in which the ovary is wholly posterior to the testes : 
both genera have the body-axis bent at an angle, though in Protomicrocotyle this 
asymmetry is in the posterior quarter of the worm. The structure of the larval 
haptor and of the region bearing the asymmetrically-placed clamps, indicates 
that this genus is clearly of a different evolutionary line from Vallisia. It is not 
more closely allied to Microcotylidae, and owing to the limited number of clamps 
it is perhaps preferable to group it with Discocotylidae—albeit a somewhat 
heterogeneous assemblage. 

Subfamily diagnosis.—Discocotylidae in which the body, and sometimes the 
haptor, shows a marked asymmetry. The testes are all pre-ovarial and follicular, 
and the genital pore is armed with hooks in a circle. The clamps have no accessory — 
sclerites and are typically discocotylid in pattern. The anchors have two equal 
roots and recurved tips: small anchors may also be present. 

Type genus: Vallisia Perugia & Parona, 1890. 

Vallisia Per. & Par., 1890. 

Per. & Par., 1890, 21; Par. & Per., 1891, 17; St. Remy, 1891, 91-92: 
translation of definition and copy of fig.; Montic., 1892 (Oct. 7), 213: as 
sub-gen. in Octocotylinae ; 1903, 336: in subfam. Octobothrinae ; Gamble, 
1896 a, 73: (as Vallisna—misprint); Fuhrmann, 1928, 9, 20, 29, 30: in 
Octocotylidae; Price, 1936, 13: in Discocotylinae; 1943a, 13: in 
Vallisinae (sic), Discocotylidae. Subfam. name herein emended to Vallisiinae. 

Generic diagnosis.—Vallisiinae in which the body-axis is bent to one side 
at about its middle. The posterior half only contains the gonads, and the 
testes are numerous, in two alternating rows of follicles, entirely anterior 
to the ovary, which is looped and is crossed by the transverse vitelline duct. 
The presence or absence of a vagina is unknown; genital pore near the intes- 

tinal bifurcation armed with a circle of hooks (?). The intestinal crura are 

richly branched and accompanied by vitellaria as far as the symmetrical 

haptor, but in this region they are said to join and open by an anus on 

the haptor. Four discocotylid clamps occur on each side of the slightly lobed 

haptor, and a short terminal lappet bears one pair of anchors with equal 

roots and recurved tips. The eggs are provided with two polar filaments. 
y Tw species: Vallisia striata Perugia & ae 1890. 
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V. striata Per. & Par., 1890. 


Per. & Par., 1890 (Jan.), 21-24, pl. 1, figs. 8-9, pl. 2, figs. 10-11: on the gills 
of Lichia amia from the Adriatic, at Trieste: it is noted that the body is 
entirely covered with faint transverse striations, and that the haptoral region 
has a longitudinal groove in which the median canal, formed by the confluence 
of the crura, opens to the exterior in an anus, about half-way down the haptor : 
the type is 10-5 mm. long—the anterior “ half” being 6 mm. and the posterior 
4-5 mm., and the max. width is 1:9 mm.; Sonsino, 1890 (May 4), 112-113 
(14-15 in off-prints): (as Octocotyle arcuata, n. sp.—in ignorance of Vallisia 
striata), described from a specimen collected in 1881 by Richiardi at Pisa, 
from the gills of L. amia; 1890 (July 6), 137-139: accepts the priority of 
nomenclature and description by Per. & Par., but criticises the new generic 
name and retains Octocotyle (as O. striata)—reports that Richiardi found 
another specimen at Pisa, on the gills of Sertola dumerilii ; Par. & Per., 1891 
(Jan. 19), 17-19—with footnote (1) on p. 18 (as Vallisia striata); 1894, 
594, 671; Stossich, 1898, 13-14; Fuhrmann, 1928, 29, fig. 37: original 
outline drawing but no descr. ; Price, 1943 a, 13: syst. (Fig. 93 herein). 


Figure 93. 
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Vallisia striata—Complete worm (after Perugia and Parona). 


Protomicrocotyle Johnston & Tiegs, 1922. 


Johnst. & Tiegs, 1922, 125: create monotypic gen. for Acanthodiscus 
mirabile MacCallum, 1918 [non Acanthodiscus Uhlig, 1906, (molluscan 
genus)]: in subfam. Protomicrocotylinae Johnst. & Tiegs (1922, 125), in 
fam. Microcotylidae ; MacCallum, 1918, 94, placed it in ‘“‘ Gyrodactylidae 
v. Ben. & Hesse ” (sic); Poche, 1926, 111-112: raises the subfam. to family 
rank—Protomicrocotylidae ; Fuhrmann, 1928, 30: in appendix to Micro- 
cotylidae ; Price, 1936, 13: reduces it to subfam. rank—Protomicrocotylinae, 
because it is “not sufficiently different from representatives of the other 
microcotylid genera to warrant family rank”’; Meserve, 1938, 25, 66: 
as Protomicrocotylinae, Microcotylidae—with the addition of another sp. 

Generic diagnosis.—Vallisinae with asymmetrical body in the posterior 
quarter—this region, which usually bears spiny papillae, is deeply lobed on 
one side, near which are four very poorly cuticularized clamps of the disco- 
cotylid pattern, in an irregular vertical series. The (?) larval haptor is 
dumbbell-shaped and is separated from the body by an obliquely-placed 
short pedicle. It bears (? in addition to larval hooklets) two pairs of anchors: 


i‘ 
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the larger outer pair with equal, divergent roots and a strongly recurved 
tip; the smaller pair (?) with a distally bifid base in which is embedded a 
strong spine. The lobed ovary has a looped anterior extension which is 
_erossed by the transverse vitelline duct, as in Vallisia; and, similarly, very 
numerous follicles of the testis extend anterior to the ovary in the median 
third of the body. A coiled vas deferens leads to an armed cirrus on the 
left of the median line anterior to the intestinal bifurcation. A single vagina 
__ is present and opens on the right of the male pore ; its aperture is surrounded 
by a cuticularized area bearing numerous short spines. Eggs with a spine 
at one pole and an elongated filament at the other. 
Type species: Protomicrocotyle mirabilis (MacCallum, 1918) Johnst. & Tiegs, 
1922. 


Figures 94 a-g. 


i) 


O-5 mm. 


' a-g: Protomicrocotyle pacifica—a, Complete worm, ventral view ; 6, Anterior region, ventral view ; 
4 c, Enlarged distal end of vagina with spines, ventral view; d, Hooks from genital atrium ; 
e, Posterior end showing the four clamps and terminal anchor-bearing lobe ; f, Clamp-sclerites ; 

g, Large and small anchors (after Meserve). 


ss oP mirabilis (MacCallum, 1918) Johnst. & Tiegs, 1922; emend. 

coe MacCallum, 1918, 93-94, figs. 48, 48 A, 48 B: (as Acanthodiscus mirabile) 
on the gills of Caranx hippos from New York Aquarium ; Johnston & Tiegs, 
1922, 125-126: syst. and renamed (as Protomicrocotyle, mirabile—type of 
-monotypic genus); Price, 1936, 13: intimates that he has restudied the 
_ original material and associates it with ae yawy cae, but in a monotypic 
. XXV.—PART Iv. No. 29.—1946. 3H 
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subfam., as did Johnst. & Tiegs (loc. cit.); Meserve, 1938, 63-64: re- 
examination of the type and paratype material—makes several corrections 
in description ; cf. with P. pacifica. Dr. Baylis (personal communication) 
points out that the specific name should be emended to mirabilis, for the 
sake of grammatical agreement. 

P. pacifica Meserve, 1938. 

Meserve, 1938, 64-66, pl. 9, figs. 64-74, on the gills of Xurel marginatus 
from Port Culebra, Costa Rica: remarks that this is an interesting example 
of two related parasites on two related host species. The haptor is obliquely 
placed and the lateral lobes are unarmed (MacCallum stated that there were 
several hooks on the haptor—? larval hooklets), but the central region has 
two dissimilar pairs of anchors—the larger directed anteriorly and the smaller 
posteriorly. The clamps are irregularly scattered on the side of the hind- 
body. The genital atrium has long hooks of two sizes—the larger are slender 
and inwardly curved, with a small spur near the middle, and there are short 
fine spines on a stout bifid basal piece. [It appears from the text that there 
has been some error in labelling the figures, which have been copied in fig. 94 
herein: “g’” is said to represent the large and small hooks (=anchors) 
and ‘“‘d”’ the atrial spines of two sizes; though from the text it seems that 
the left fig. in “‘g’ would represent the smaller type of atrial spine and 
not, perhaps, the smaller type of anchor.] A receptaculum seminis is said 
to be present, but is not figured. “P. mirabile” is said to differ in the 
atrial spines: in both, the small ones are c.40p, but in P. pacifica alone 
are those of the long slender type present, and these are three to four times 
longer. The eggs of P. pacifica measure 46 x 160 p, while those of P. mirabilis 
were found to be 320 to 720 x 80 to 140y. (Figs. 94 a-g herein.) 


PLECTANOCOTYLINAE Monticelli, 1903. 


Montic., 1903, 336: created as a subfam. of Hexacotylidae Montic., 1899, 
which included all those polystomes with six haptoral and two mouth-suckers—the 
other subfam. was Diplobothrinae [=Diclybothriinae Price, 1936]; Poche, 1926, 


111: alters fam. name to Plectanocotylidae, since Hexacotylidae has no corre- — 


sponding genus, and was therefore invalid: subfam. to include Plectanocotyle 
Dies. and Phyllocotyle v. Ben. & Hesse; Fuhrmann, 1928, 30: recognizes both 
genera and places them in Octocotylidae; Sprehn, 1933, 29: recognizes only 
Phyllocotyle v. B. & H.; Price, 1936, 13: recognizes both genera and places them 
in Mazocraeidae—no comments given in this prelim. note. These genera have 
been recognized as synonymous, and Plectanocotyle Dies. and Octoplectanocotyla 
Yamaguti constitute the subfamily as accepted herein. __ 

Subfamily diagnosis.—Discocotylidae with symmetrical body and haptor, on 
which the three or four pairs of clamps are equally developed. The clamp-structure 
is discocotylid in general pattern, but there is a development of accessory sclerites 
in connection with the middle opposable piece. The ventral rim of this scoop- 


shaped piece is articulated at the sides, and the anterior border is cuticularized — 


and joined with the median spring by a median cuticularized band, also two 
oblique arms from the sides (which are not similar to the two oblique arms developed 
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in Gastrocotylinae). The ventral surface of the clamp-capsule is sometimes 
traversed on each side by weak rib-like thickenings. There is a long contractile 
terminal lappet bearing three (? or two) pairs of anchors—the two larger pairs 
of distinctive types. Vaginae are absent, and the cirrus has a sheaf of long 
spines. 

Type genus: Plectanocotyle Diesing, 1850. 

Plectanocotyle Dies., 1850. 

Dies., 1850 a, 420-421, 425 (monotypic, with P. elliptica); 1858 a, 69; 
1858 e, 382: renamed (as Plectanophorus); v. Ben. & Hesse, 1863, 96, 103, 
(as Phyllocotyle, n. g—monotypic with P. gurnardi) ; Tasch., 1879, 69; 1879, 
239, 250 (as Plectanocotyle Dies.: syn. Plectanophorus Dies.); also 1879, 
239, 247 (as Phyllocotyle v. B. & H.—as a separate gen.); Montic., 1888 a. 
11, 89, 100 (as Plectanocotyle), and pp. 7, 8, 11, 66, 67, 86, 89, 100 (as Phyllo- 
cotyle) ; 1892 (Oct. 7), 213 (as Plectanocotyle), also p. 213 (as Phyllocotyle) 
in Octocotylinae ; 1903, 336 (as Plectanocotyle), also p. 336 (as Phyllocotyle)— 
both in subfam. Plectanocotylinae ; 1905, 76-78 (as Plectanocotyle), also 
pp. 76, 77, 78 (as Phyllocotyle): redefinition of the two separate genera ; 
Th. Scott, 1901, 147 (as Phyllocotyle); Lebour, 1908, 42-43 (as Plectano- 
cotyle—but discusses the possibility of the synonymy of Phyllocotyle) ; 
Price, 1936, 138: accepts the two genera without comment; Llewellyn, 
1941 b, 431-432: tax. review, and confirms Lebour’s contention that the two 
genera are synonymous (as Plectanocotyle). 

Generic diagnosis. —Plectanocotylinae with the characters of the subfamily 
and with three pairs of clamps, three pairs of anchors and testes all post- 
ovarial. 

Type species: Plectanocotyle elliptica Diesing, 1850. 

P. elliptica Dies., 1850. 

Dies., 1850 a, 421: found by Kollar on the gills of Labrax mucronatus ; 
1858 a, 69, pl. 1, figs. 4-9: descr.—in general terms, so that the form is not 
distinguishable from P. gurnardi. (It has not been found since on this host). 
Dies., 1858 e, 382: renamed (as Plectanophorus ellipticus); Montic., 1905, 
76: notes that there has been no record since the type specimens—as 
Plectanocotyle elliptica ; Llewellyn, 1941 6, 431: review. 

P. gurnardi (van Beneden & Hesse, 1863) Llewellyn, 1941. 

v. Ben. & Hesse, 1863, 103-104, pl. 10, figs. 1-7: (as Phyllocotyle g.) on the 
gills of Trigla gurnardus from Belgium. The figs. show the worms in extreme 
extension, with the terminal lappet (shown with two pairs of anchors) appearing 
like a long caudal appendix; [v. Ben. & Hesse, 1863, 96, 108-109, pl. 11, 
figs. 14-15, describe a new genus and species of worm (Platycotyle gurnardt) 
from the same host. This was found only once, and has only two pairs of 
clamps on long pedicles. From the figure it is highly probable that this is a 
specimen of Plectanocotyle gurnardi which has been mutilated, and lost the 
last pair of clamps and the lappet, for in the present studies a very similar 
form was encountered. This was dead and has been accidentally broken 
while mounting. The clamps were extended in just the same way as in the 
Belgian specimens. None of the scanty information given regarding Platy- 
cotyle g. is contradictory to this view, so that the latter name is herein regarded 
3H 2 
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as a synonym of Plectanocotyle g.]; Monticelli, 1899 c, 1045-1053, pl. 1, 
figs. 1-12: (as Plectanocotyle lorenzii) on the gills of Trigla sp. from Rovigno. 
These figs., like those of P. elliptica, are from specimens in a more contracted 
state than those examined by v. Ben. & Hesse, and consequently are of a 
very different appearance ; Th. Scott, 1901, 147-148, pl. 8, fig. 23 : (as Phyllo- 
cotyle g.) on Trigla gurnardus from Scotland. The figure, a shaded outline 
sketch, shows an expanded form, hence its identification with v. Ben. & Hesse’s 


Figures 95 a—m. 


a-m: Plectanocotyle gurnardi—a, Complete worm, ventral view; 6b, Anterior region, ventral view, 
showing variation in eggs, the pigment-deposits in the gut-wall, and the large vitelline follicles ; 
c, Genital corona, consisting of five pairs of long spines and an inner pair of shorter spines ; 
d, Terminal lappet with the three pairs of anchors ; e, f and g, Dorsal and two antero-ventral (open 
and closed) views of clamps—drawn to the same scale (a-g from Trigla lineata, 25th April, 
1940, from Plymouth) ; h, Ventral view of clamp (from T'rigla lucerna, 1st August, 1939—Ply- 
mouth) ; 7, Complete worm with seven eggs, dorsal view—haptor distorted (from 7’. lucerna, 
16th October, 1939—Plymouth) ; j, Contracted specimen, dorsal view (from 7’. lucerna, 15th 
August, 1939); k, 1, Young forms from same fish as 7; m, Young specimen, ventral view (from 
T. cuculus, 18th April, 1940—Plymouth) ; Specimens i~m all drawn to the same scale (original). 


genus ; A. Scott, 1904, 35: (as Phyllocotyle g.) recorded on T. gurnardus and 
T. lucerna from the Irish Sea; Th. Scott, 1905, 115-116, pl. 6, figs. 19-20: on 
T. gurnardus from Scotland. The specimens are shown to be in the contracted 
state, and though they were originally identified by the author as Phyllo- 
cotyle g., he states that they are not identical with Phyllocotyle g. of Th. Scott, 
1901. In view of this uncertainty, the contracted specimens were sent to 
Monticelli for identification, and Scott states in a footnote that in the opinion 
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of Montic. they are identical with -Plectanocotyle lorenzii Montic. Scott 
finally concludes that the two spp. must be identical, though he does not 
use the corrected combination of names ; Lebour, 1908, 42-43, pl. 5, figs. 4—7 : 
(as Plectanocotyle caudata), on T. gurnardus from Northumberland ; states 
that this specific name is only provisional, since it may prove to be identical 
with P. lorenzii Montic., which it resembles very closely except for (1) the 
long caudal appendix and (2) the presence of three pairs of anchors on the 
end of it—Monticelli’s specimens were stated to have only two pairs. She also 
refers to Scott’s descriptions and maintains that all three “ species’ may 
prove to be identical forms in various states of contraction ; Nicoll, 1915, 
352, 356: recognizes Plectanocotyle lorenzii and Phyllocotyle g. as separate 
spp., and reports the latter from 7’. gurnardus from St. Andrews, Scotland 
and from Liverpool, and (as P. caudata Lebour) from Northumberland ; on 7. 
pint from Plymouth and on 7’. hirundo from Liverpool; also P. lorenzii on 
T. gurnardus from St. Andrews (Th. Scott’s record—see above); Little, 
1929 a, 22-30: (as Phyllocotyle g.), on T. gurnardus and T. hirundo Day 
(=T. lucerna L.) from Ireland; Llewellyn, 1941 6, 431-482, fig. 1: (as 
Plectanocotyle g.) on JT. gurnardus and T. cuculus from the Irish Atlantic 
Slope; gives a taxonomic revision of the genus and concludes with 
certainty that Phyllocotyle is a syn. of Plectanocotyle and that P. lorenziu 
and P. caudata are both syns. of P. gurnardi. A very diagrammatic figure is 
given showing the presence of the third pair of anchors on the lappet— 
but the form of the anchors is quite incorrectly represented; Rees & 
Llewellyn, 1941, 392, 393: (as Plectanocotyle g.—in Mazocraeidae) record 
similar to above. During the period 1939-1941 over 70 specimens of this 
species have been examined from the gills of 7’. gurnardus L., T. lucerna L., 
T. cuculus L. [=7. pini Bloch], and 7. lineata Gmel. from Plymouth. 


(Figs. 95 a—m herein.) 


Over 30 of these have been measured and compared from host to host, but the only significant 
difference which could be found was in the length of the sheaf of cirrus-spines, which may be correlated 
with a particular host. It is, however, desirable to make more detailed measurements before being 
certain on this point. This sp. is probably the most contractile monogenean known, so that great 
care must be taken to standardize methods of fixation if measurements are to be of any value. Dying 
specimens extend, so that the clamps are on long pedicles and the anchors on the end of a long 
lappet. 

The differences in appearance during the various phases of the sex cycle gave rise to much perplexity 
until intermediate forms were found. The young forms appear to develop the ovary first (fig. 95k 
herein), and become mature, with eggs in the uterus, at a relatively small size (figs. 95 m, 7). As in 
_Kuhnia scombri, a great development of the vitellaria coincides with, and follows, an “ ovarian phase ”’. 
Fig. 95 shows an older worm, highly contracted (in the Plectanocotyle form of Scott and others), 
in which the hinder region of the body is even more contracted than the fore-part, because the testes 
- are only just beginning to show a recrudescence, and there is therefore “‘ room ”’ for a greater contraction 
here, which makes the ovary appear very far back on the body axis (note the heavy development of 
- vitellaria). In fig. 95 a, though there are eggs in the uterus, the testes are at a maximum development, 
and the waning ovary is found in the anterior third of the body. There is a considerable variation 


7 in the size and shape of the eggs, as is indicated in fig. 956. The egg on the left presents the same 


_ problem as that noted in Discocotyle sagittata—a large capsule (with operculum and posterior filament) 
apparently liberating a shelled egg also with a filament. This may be due to some anomalous over- 
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In none of the specimens was it possible to make out a globular sucker on the terminal lappet at the 
insertion of the anchors, such as is described and figured by Lebour. The main muscle-bundle does 
diverge in this region to become attached to the outer anchors on their double equal roots, and to the 
inner pair on the outward and ventrally curving main root, and the minute simple anchors are also 
supplied with independent fibres. There is, however, no sucker developed in this region (see fig. 95 d, 
which is the terminal lappet from a moderately extended worm). The clamp figured by Lebour 
(loc. cit.) is in strong perspective, which accounts for the difficulty in interpreting it. Clamps figured 
herein (e, f, g, h) are from various angles and in different states of closure—which is intended to show 
their anatomy. The advantage of the articulations in the lateral regions of the middle piece is shown 
in f: it enables the parts to slide over one another and to increase the width of “ grasp ’”’—faintly 
analogous to the mechanism in the jaws of a snake. 


Octoplectanocotyla Yamaguti, 1937. 

Yam., 1937, 23: created for O. trichiwrt (monotypic genus) on the basis of 
the similarity to Plectanocotyle Dies., yet in having more clamps and a peculiar 
arrangement of testes—partly anterior and partly posterior to the ovary— 
similar to Cyclobothrium Cerf.; places the genus in Octocotylidae ; herein 
placed with Plectanocotyle Dies. in subfam. Plectanocotylinae Montic. 

Generic diagnosis.—Plectanocotylinae in which the haptor is deeply cleft 
in the median line, clearly marked off from the body and not containing 
either intestinal branches or vitellaria, and bears on the postero-lateral 
border four pairs of clamps. The clamps (not described in great detail) are of a 


Figures 96 a-c. 


a-c : Octoplectanocotyla trichiuri—a, Complete worm, ventral view ; b, Clamp; c, Anchors on appendix 
(after Yamaguti). 


similar type to those in Plectanocotyle. A terminal lappet rising from the 
mid-haptoral cleft bears an outer and an inner pair of anchors very similar to 
those in Plectanocotyle [the smallest pair of the latter genus perhaps not 
having been seen]. The ovary occurs at mid-body, crossed by the transverse 
vitelline ducts, and numerous testicular follicles occur in two rows, both in front. 
of and behind the ovary, extending nearly the whole length of the intestine. 
Type species : Octoplectanocotyla trichiuri Yam., 1937. 
O. trichiuri Yamaguti, 1937. 
Yam., 1937, 22-23, pl. 4, figs. 29-31: on the gills of Trichiurus japonicus 


from the Inland Sea, Japan. The armature of the clamps is said by the author 
to be like that of Plectanocotyle, though the figure is not drawn in sufficient: 
detail to effect a comparison. The armature of the genital pore is not figured. 


ar OO 


Ag 


A SYNOPSIS OF THE MONOGENETIC TREMATODES. 415 


but said to be “sheath-like”. Receptaculum seminis and vagina are 
lacking. The occurrence of two forms so similar as Plectanocotyle gurnardi 
and O. trichiurt, with different numbers of clamps, is good evidence for re- 
garding such a character as not of more than generic significance. (Figs. 96 a—c 
herein.) 


ANTHOCOTYLINAE Price, 1936. 


Price, 1936, 13: name only—prelim. note; 1943a, 10, 13-14: created to 
associate those discocotylids with an armed cirrus and anchors not similar to 
those of Discocotylinae, and in which the testes are post-ovarial; also mentions 
that the clamps are more like those of Microcotylidae, though the Y-shaped 
vaginae and other characters unite the type genus and its allies with Discocotylidae ; 
thus it is intermediate in position and its place in the latter fam. is purely 
arbitrary ; includes Anthocotyle and Winkenthughesia. In point of fact, the 
only difference between discocotylid and microcotylid clamps is the lighter 
cuticularization and smaller size of the latter, due, no doubt, to their larger number 
sharing the burden of attachment, which in discocotylids falls on eight, at the 
most. This principle is well illustrated in Anthocotyle, in which there is an enormous 
development of the anterior pair of clamps, and a corresponding diminution in 
the other three pairs, which are reduced to below the relative size of clamps in 
Microcotylidae. From several points of view, however, the subfamily is clearly 
transitional between Discocotylidae and Microcotylidae ; and it must be admitted 
that the latter are only separated on the basis of the “ unlimited” addition of 
clamps on the anterior margin of the haptor in post-larval life. The most obviously 
transitional genus is Bicotylophora, which is only included here for the sake of the 
“limited ’’ number of four pairs of clamps on the haptor. The two Galapagos 
species of Heterobothrium have been assigned to two new genera and placed in 
this subfam., since they have no resemblance to that genus, but a considerable 
resemblance to discocotylids. 

Subfamily diagnosis.—Discocotylidae in which the body is symmetrical, though 
‘the development of the clamps on the haptor is often asymmetrical. The testes 
are always post-ovarial. The cirrus is armed, and vaginae are present or 
absent. The clamps may be strongly cuticularized or as weakly developed as in 
Microcotylidae, but never have accessory sclerites. 

Type genus: Anthocotyle van Beneden & Hesse, 1863. 


Key to the Genera of Anthocotylinae Price, 1936. 


1. Haptor asymmetrical ; less than four pairs of clamps (equally developed) ; 


a I a 8 Saray via he dis eaatul i Raed ee eater ef v's. die kes ee ee Hemitagia. 
Bitantor symmetrical ; four pairs of clamps -.........e60 eee cece ence eee 2. 
2. Anterior pair of clamps enormously developed (often asymmetrical) in com- 
parison with the other minute clamps, on a median appendix with the three 
paits of anchors ; Y-shaped vaginae present .............- ccc eee eee eee Anthocotyle. 
DMEM OV OIOPed . .. Ls ilies wild ames vie ens k a veces ecerecccene 3. 
| i. Haptor a lingulate extension of the body: Y-shaped vaginae ; two pairs of 
Ey). id i Wn A MialabeRlaa ciei'ds sine see vsiccceceeses Winkenthughesia. 
UMMM DOME GOCDOTS ADSCME: 6. i lk sos sles eee ee eset eee ecees “Tagia. 
_ _Haptor formed by two narrow lobes, each with a row of four clamps ; median 
armed vagina present ; anchors absent ........ Re Slice fe wig as + ws 8s Bicotylophora. 
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Anthocotyle van Beneden & Hesse, 1863. . 

v. Ben. & Hesse, 1863, 96, 104 (monotypic, with A. merlucciz); Montic., 
1892 (Oct. 7), 213: in Octocotylinae; Cerf., 1895d, 476478; 1895 e, 
510-527; 18959, 536; 1895h, 913, 918, 920; 18966, 422-423; 1896 d, 
497-510, 514, 515; 1899a, 345, 391: in Octocotylidae ; Montic., 1903, 
336: in Diaphorocotylinae—subfam. invalid because no corresponding genus ; 
Fuhrmann, 1928, 30: in Octocotylidae ; Sprehn, 1933, 23: id. nom.; Price, 
1936, 13: in Anthocotylinae—monotypic subfam.; 1943 a, 13-15: defn. 
and key to separate it from Winkenthughesia—the only other member of 
the subfam. Anthocotylinae as defined in 1943; syn. Diaphorocotylinae 
Montic., partim; Price accepts A. americanus as the second sp. of the gen. 
on the basis of the asymmetry of the clamps, but it has now been shown 
that on re-examination of the European material this distinction is untenable 
and that the genus is, as yet, monotypic. 

Generic diagnosis.—Anthocotylinae in which, though the haptor is orientated 
symmetrically to the body-axis, there is a variable inequality in the develop- 
ment of the right and left clamps of the anterior pair, which gives a marked 
asymmetrical appearance to the posterior end of the body. The remaining 
three pairs of clamps are minute and have an even lighter cuticularized 
skeleton than in Microcotylidae. They are borne on a feebly muscular 
appendix, and between the last pair occur three pairs of anchors on a short 
lappet. The anchors are almost identical with those of Plectanocotyle, and 
similarly have their roots and recurved tips bent in three different planes. 
There are two submarginal vaginal pores at the level of the armed genital 
atrium (with its circle of slender hooks with bifid bases). The vaginae are 
confluent with the longitudinal vitelline ducts, which are joined in two places 
in the anterior half of the body by equally wide transverse trunks. They 
continue on either side of the large coiled and looped ovary, and near its 
base enter a dilatation leading to the ootype, which is surrounded by unicellular 
glands. The testes are partly obscured by the intestinal diverticula and 
vitellaria, and consist of numerous relatively small follicles. The intestinal 
crura are wide, and their lateral diverticula become longer and simpler in 
the posterior half. In the narrow region anterior to the haptor vitellaria 
are absent, but the narrow ends of the crura extend into the appendix as far 
as the second pair of clamps. 

Type species: Anthocotyle merluccii van Beneden & Hesse, 1863. 
A. merluccii v. Ben. & Hesse, 1863. 

v. Ben. & Hesse, 1863, 105, pl. 10, figs. 8-12: on the gills of Merluccius 
vulgaris from the Belgian Coast (figured with equal anterior clamps) ; Tasch., 
1879, 247 (as A. merlucii); Sonsino, 1890, 111-112: (as A. merlucit) not 
found, so far, in the Mediterranean—the specimen in the museum at Pisa 
being sent by van Beneden from “ Merluccius esculentus”’ from Belgium ; 
Cerfontaine, 1895 e, 510, 511-525, figs. 1-8 ; 1896, 497-510, pl. 22, figs. 1-9: 
on the gills of Merluccius merluccius from the N. Coast of France ; the anterior 
pair of clamps shown to be of nearly equal size, and no remark made — 
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referring to their marked inequality in some specimens; Th. Scott, 1901, 
148, pl. 8, fig. 4: on the gills of M. merluccius from Aberdeen ; Stafford, 
1904, 482: recorded on M. bilinearis from Canada; Nicoll, 1915, 351: (as 
y A. merlucit) in Acanthocotylinae, Tristomidae (no reasons given for this 
Qa designation, which is probably an error); p. 367: repeats v. Beneden’s 


Figures 97 a-c. 


at: Anthocotyle merluccii—a, Complete worm, dorsal view—somewhat contracted in testicular 
region ; 6, Genital corona, ventral view ; c, Terminal lappet bearing three pairs of anchors, dorsal 
view ; one of the smaller clanips in ventral view (original). 


record ; MacCallum, 1916, 25-27, figs. 10, 10 A: (as A. merluccit americanus) 
on UU. bilinearis from Woods Hole, Mass., U.S.A. ; Linton, 1940, 14, pl. 16, 
by - figs. 200-201 : (as A. merluccit americanus) on “ the whiting’, M. bilinearis, 


from Woods Hole ; notes that the left ant. clamp is the larger (in MacCallum’s 
. cimens the right was the larger); measurements of the principal axes of 
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the worm are given and differences in shape of the anchors noted. [These are 
figured and are different from those of European specimens, though Price’s 
re-study of them shows that differences are probably only apparent, and due 
to the difficulty of showing the real form of structures which are bent in at 
least three different planes]; Rees & Llewellyn, 1941, 392, 393: (as A. mer- 
luccii) record only, on Merluccius merluccius from the Irish Atlantic Slope ; 


Price, 1943 a, 13-15, figs. 1 J-M: re-study of MacCallum’s and other material 


from M. bilinearis from Woods Hole region, U.S.A. (as A. americanus— 
provisionally a separate sp. from the European form); redescr., noting that 
in all specimens the right ant. clamp is considerably larger than the left— 
right 935 » to 1,200 wide and left 680-850 1 wide; the posterior pairs are 
nearly equal, being 68-85 1 wide. The outer larger pair of anchors is shown 
with thicker roots than those of the Plymouth worms, bent at rather more 
than a right-angle (60 long), the inner pair with the tapering bent root 
45 long, and the intermediate very fine pair c. 20. long. ['These, it is noted, 
are closely applied to the inner side of the shafts of the large outer pair— 
a point also noted in the present studies: this makes them difficult to see 
in the normal position, so that a twisted lappet is shown in fig. 97c]; Price 
states that there are 35-38 hooks in the genital corona, but in the present 
material over 50 occur: they are difficult to count because they are inserted 
at different levels and project at slightly different angles. He finds them 
to be 30 long, which agrees fairly well with the Plymouth examples, if the 
portion above the bifid roots only is taken into account. In contrast to 
Price’s findings, Linton (loc. cit.) states that. for specimen No. 8191 (U.S. 
Nat. Mus.) the mounted worm is 7-5 mm. long and 1-26 mm. wide at the 
ovarian level, and has the left ant. clamp 630 » wide and the right 520 w wide. 
In the Plymouth material from M. merluccius (only one or two worms found 
on each fish), the anterior clamps have the following widths in three worms : 


_ left 1:10 mm., right 0-665 mm.; left 0-417 mm., right 0-625 mm.; left 


1-25 mm., right 0-875 mm. (Figs. 97 a—c herein.) 


Winkenthughesia Price, 1943. 


Price, 1943 a, 13, 15: creates new genus for the reception of Octobothrium 
thyrsites [thyrites| Hughes, and places it in Discocotylidae on account of the 
structure of the clamps, and in the subfam. Anthocotylinae because the 
anchors are said to resemble those of the type sp., and also because of the 
armed cirrus, which distinguishes it from Discocotylinae. 

Generic diagnosis.—Anthocotylinae with a symmetrical lingulate haptor 
slightly constricted off from the body and bearing along its edges four pairs 
of equally-developed clamps with strongly cuticularized sclerites. There 
is a Y-shaped vagina opening on two marginal papillae just behind the 
genital pore, uniting almost at the same level to form a median duct on which 
there are two dilatations—receptacula seminis vaginae—thence it enters 
one of the lateral vitelline ducts just in front of their coalescence to form 
the median Y-shaped reservoir. The folded ovary lies to the right of this 


structure. The follicular testes lie entirely behind the ovary. The genital 


corona is armed with a number of broad hooks. There is a short terminal 
lappet bearing two pairs of anchors similar to the larger pairs in Anthocotyle. 


ey ty 
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Type species: Winkenthughesia thyrsites (Hughes, 1928) Price, 1943 ; emend., 
W. thyrsites (Hughes, 1928) Price, 1943; emend. 


Winifred Kent-Hughes, 1928, 49-51, pl. 11, figs. 10-12, text-figs. 2 a-e: 
(as Octobothrium t.) on the gills of Thyrsites atun—the Barracouta—from 
San Remo, Victoria, Australia; the figures are very rough and semi- 


diagrammatic, and are not rorrodaced herein ; this sp. has been found only 


once. [Hughes mis-spells the host genus “ Thyrites”’ and hence also the 
new specific name, which should be emended (by Int. Rules, Art. 19) to 
W. thyrsites]; Price, 1943 a, 13-15: (as Winkenthughesia t.). 


Tagua, gen. nov. 


Created herein for Heterobothriwm ecuadori Meserve, because, as in 
Hemitagia, gen. nov., the clamps in no way resemble those of Diclidophoridae, 
which are asymmetrical, in that those on either side of the haptor are mirror 
images of one another in respect to the development of the various sclerites, 
and the insertion of the main muscle-bundle. In the present sp., however, 
there appears to be some differentiation of the end-pieces on the median 
spring (also seen in Anthocotyle), which occurs sometimes in Microcotylidae. 
Moreover, the distinguishing character of Heterobothriwm Cerf. is that the 
orientation of the anterior pair of clamps, as a whole, is reversed from the 
normal, and the clamps are “ open”’, functioning as armoured suckers rather 
than clamps. This genus is closely allied to Hemitagia, gen. nov. 


Figures 98 a-c. 


: Tagia ecuadori—a, Complete worm, ventral view ; 6, Eggs; c, Clamp-sclerites (after Meserve). 


Generic diagnosis.—Anthocotylinae in which the symmetrical haptor is 
barely separated from the rest of a nearly parallel-sided body. The four pairs 
of equally developed clamps, with poorly-cuticularized sclerites, are sessile 
on the lobed margin of the haptor. There is no terminal lappet or anchors. 
Vaginae are lacking and the ovary lies near the mid-body, immediately 
posterior to which is an ovoid receptaculum seminis ; posterior to this are a 
number of testicular follicles in about four longitudinal rows. The genital 


; pore is surrounded by a circle of hooks. The eggs are relatively large and 
me a single filament. 
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Type species: Tagia ecuadori (Meserve, 1938), comb. nov. 
T'. ecuadori (Meserve, 1938), comb. nov. 


Meserve, 1938, 44-45, pl. 5, figs. 16-19 : (as Heterobothrium e.) on the gills of 
Cheilichthys annulatus from Tagus Cove, Albemarle Isl., Galapagos Islands, 
San Francisco, Ecuador: the length range is given as 2-9 to 3-4 mm. and 
there are 12 to 14 hooks in the genital corona. Placed in a monotypic genus 
herein—as T'agia ecuadori. (Figs. 98 a-c.) 


Hemitagia, gen. nov. 


a-b: 


Created herein for Heterobothrium galapagensis Meserve, which is removed 
from Heterobothrium Cerf. for the same reason as stated under Tagia. Its 
strong resemblance to the latter genus led Meserve to think that the asymmetry 
of the haptor and the development of only four clamps (? five) might be the 
result of trauma. Since haptoral asymmetry and reduction of the number 
of clamps is not uncommon in this superfamily (e. g., Grubea, Protomicrocotyle), 
it is quite possible that this is a natural formation, and it is here assumed 
to beso until further evidence is forthcoming. The clamps appear to be similar 
to those of J'agia, and also very lightly cuticularized, but they are not figured 
in detail. The name is an arbitrary one, referring to the fact that it is about 
half the size of Tagia, has half the number of clamps and half the number of 
hooks in the genital corona. 


Figures 99 a-b. 


Hemitagia galapagensis—a, Complete worm, ventral view ; }, Clamp-sclerites (after Meserve). 


Generic diagnosis.—Anthocotylinae in which the haptor is asymmetrical, 
separated from the body by a constriction and developed obliquely, with 
four equally-developed clamps along its posterior lobed border. No anchors 
persist. A vagina is lacking. The looped ovary occurs at the mid-body 
level, from whence a number of testicular follicles extend to near the end of 
the body proper, as in Tagia. A receptaculum seminis is not described. 
The genital corona has relatively few hooks. Egg unknown. 


Type species: Hemitagia galapagensis (Meserve, 1938), comb. nov. 
H. galapagensis (Meserve, 1938), comb. nov. 


Meserve, 1938, 45-46, pl. 5, figs. 20-21: (as Heterobothriwm g.) on the gills 
of Paranthias furcifer from Tagus Cove, Albemarle Isl., Galapagos Islands, 
San Francisco, Ecuador; the most striking difference from Tagia ecuadori — 
is the obliquely placed fan-shaped haptor with only four clamps—though 
there is an area on the anterior end of the haptor which might indicate the 
place of a lost clamp; there is no indication of the morphological posterior 
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end of the haptor because no anchors persist. The anterior region is truncate 
and parallel-sided, and slightly constricted off from the spindle-shaped body 
near the genital pore. The genital corona has only six hooks. The oral 
cuticular suckers are relatively large and are divided by a septum, as in several 
microcotylids ; provisionally placed in a monotypic genus (herein, Hemitagia 
galapagensis; figs. 99a-b). Price, 19436, 47: indicates that he has. 
examined the types of Meserve’s two spp. of Heterobothrium but makes no 
further comment on the clamps than that ‘‘the pincer-like or clamp-like nature 
of the haptoral suckers definitely eliminates these 2 spp. from the genus. 
Heterobothrium”’’—and yet places them both “tentatively” in the 
diclidophorid genus Diclidophoroides Price. This action cannot be accepted 
until some evidence is forthcoming that the clamps are of the type of this. 
family. [Price does not use the newly suggested combinations—so that 
Diclidophoroides ecuadori and D. galapagensis are only implicitly synonyms 
of Tagia e. and Hemitagia g. respectively. | 
Bicotylophora Price, 1936. 
Price, 1936, 13: creates n. gen. for Dactylocotyle trachinoti MacCallum, 
1921, in Microcotylidae ; no other comments in this prelim. note. Though 
the internal anatomy of this sp. is distinctly microcotylid, on account of the 
relatively strong development of the clamps, and their restricted number (8), 
as a matter of convenience it is placed in Anthocotylinae, Discocotylidae. 
The terminal genitalia are, however, highly reminiscent of microcotylids, 
though in regard to the vagina there are no constant features in the present 
subfamily, and the genus must be taken as a transitional form between the 
two families. 
Generic diagnosis.—Anthocotylinae with symmetrical body and haptor. 
The latter consists of two narrow lobes each bearing a row of four sessile clamps 
which are relatively robust and equally developed. There is no terminal 
lappet or trace of anchors on the end of the body between the haptoral lobes. 
There is a single vagina opening mid-dorsally, surrounded by spines. 
Type species: Bicotylophora trachinoti (MacCallum, 1921) Price, 1936. 
B. trachinoti (MacCallum, 1921) Price, 1936. 
MacCallum, 1921, 187-188, fig. 94: (as Dactylocotyle trachinoti, also p. 189 
as D. trachynoti) on the gills of Tvrachinotus carolinensis (type host) and 
(?) Roccus lineatus from the New York Aquarium ; placed in Octocotylidae ; 
in explaining the generic name MacCallum uses the Greek roots in their 
descriptive sense and does not refer to van Ben. & Hesse’s genus Dactycotyle 
[see Diclidophora, p. 471], which he must have overlooked, for it certainly 
: has little in common with Bicotylophora. This species has not been described 
: or reported since, though MacCallum states “.. . they have been observed 
on the gills of this fish often.... Also they have been often seen on Roccus 
lineatus, but whether it is exactly the same species, I cannot say at the 
present moment”; length 4 mm. x 0°52 mm. wide; the anterior end is 
abruptly narrowed at the level of the pharynx and the oral suckers appear 
~S as two lateral expansions on either side of the terminal mouth. Genital 
atrium with hooks and spines, and below it is the muscular “ cirrus which is 
also ornamented and surrounded by both hooks and spines.” The vagina 


~ 
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is found at the end of the first third of the body and is similarly surrounded 
by hooks and spines. The ovary is at the beginning of the posterior third 
of the body, at the side of which are the ootype and shell-gland complex, 
leading to the long wide uterus containing a number of eggs with a filament 
at the posterior pole. The testes reach from the ovary to the end of the 
intestine and accompanying vitellaria, near the end of the body ; 34 testicular 
follicles are shown ; Gallien, 1937, 152: (as Dactycotyle t.), but admits that it 
is not a true “ japeoparatnee though no classification is proposed ; Price, 
1938, 13: mention only, of new name : Bicotylophora trachinoti (MacCallum). 


Figure 100. 


heh ak Bee 


ARTE ars trie 


Bicotylophora trachinoti—Complete worm (after MacCallum). 


MICROCOTYLIDAE Taschenberg, 1879. 

Tasch., 1879, 235, 237, 255; 1879, 69; Jackson, 1888, 654: includes MWicro- 
cotyle, Axine, Aspidogaster and Cotylaspis ; Montic., 1888 a, 8, 10, 11, 13, 15, 16, 
20, 30, 34, 37, 66, 86, 88, 89, 91, 101, 108; 1892 (Oct. 7), 196, 197; 1903, 336: 
creation of subfam. Microcotylinae (for Microcotyle) and Axininae (for Azine, 
Pseudaxine and Gastrocotyle); Par. & Per., 1890 a, 7: review of fam.; Fuhr- 
mann, 1928, 8, 11, 17, 30: comp. anat., and incl. T’horacocotyle together with 
those incl. by Montic.; E. M. Brown, 1929, 67-68: review of fam.; Sprehn, 
1933, 30-31; Price, 1936, 13: reduces Protomicrocotylidae Johnst. & Tiegs 
to subfam. rank and includes it, with Microcotylinae, in Microcotylidae, though 
Thoracocotyle is placed in a new subfam. and incl. in Diclidophoridae ; the rationale 
of the classification in mind is not elaborated in this prelim. note; Price, 1943 }, 
44: fam. incl. in key to Diclidophoroidea—implicit definition that haptoral 
suckers are usually numerous, consisting of more than three pieces (form as in 
Type diagram, Fig. 1 C), weakly muscular, and ‘“‘ vagina, when present, single, 
opening dorsally.” On the basis of different clamp structure, however, Price 
separates Gastrocotyle (and its allies?) into a new fam., Gastrocotylidae: no 
further comments are given. While agreeing with Price that the difference in 
clamp structure in microcotylids is of importance, other characters in Gastrocotyle 
and its allies are not considered sufficiently different to warrant family status, so that 
the division is into two subfams.: Microcotylinae—with a weakly developed clamp 
similar to that found in Anthocotylinae (Discocotylidae) ; and Gastrocotylinae— 
with additional sclerites in the middle. piece of the clamp and frequently with 
special thickenings in the wall of the clamp-capsule (this subfam. bears the same 
relation to its fam. as Plectanocotylinae does to Discocotylidae). The subfam. 
Thoracocotylinae (never defined) is suppressed (part syn. of Gastrocotylinae). 

Family diagnosis.—Diclidophoroidea with the characters of Discocotylidae, 
except in regard to the functional haptor, which bears an unlimited number of 


_ 
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clamps, which are relatively very small and usually weakly cuticularized. The 
loop representing the middle-piece is not usually articulated at the sides, but the 
spring frequently has extra end-pieces, as in some Anthocotylinae. In Gastro- 
cotylinae extra sclerites are developed in connection with the middle-piece or 
in the wall of the capsule, or both. Suppression of varying degrees in the growth 
of either the median or lateral axes of the haptor causes different types of asym- 
metry in the posterior region of the body. 
Type genus: Microcotyle v. Ben. & Hesse, 1863. 


Key to the Subfamilies of Microcotylidae Taschenberg, 1879. 


Some clamps of the typical discocotylid pattern present (occasionally also 
ERE RMAs ret5 che 's sto ais 0 « weit nlels d's AgfCuig mn Sek ce ge ware os > MICROCOTYLINAE, 
cummin witn accessory sclerites 2... 6... ck eee ee net eects eaees GASTROCOTYLINAE. 


MicRocoTyLINAE Montic., 1892. 

Montic., 1892 (Oct. 7), 213: subfam. of Polystomidae ; Pratt, 1900, 646, 653 : 
to incl. Microcotyle, Gastrocotyle, Axine and Pseudaxine. In the present study 
the concept of the subfam. has been emended to include microcotylids with some 
typical clamps without accessory sclerites—comprising eight genera, differing 
among themselves in the orientation of the haptor (due to differences in growth- 
rate of its two sides and median axis), presence or absence of anchors, position 
of vaginal pore and, in some, the development of additional clamps of a modified 
type, though not involving additional sclerites. One of the most difficult genera 
in Monogenea is Microcotyle, which, as it stands in the literature, comprises over 
70 spp. Some of these are very inadequately described, and in many instances 
the only reliable difference is the species of host. In the past, far too much 
confidence has been placed in size-differences and in the number of clamps on the 
haptor: neither of these factors is of the slightest use unless large numbers of 
individuals have been compared, extending over a wide growth-range. Remley 
has contributed a most valuable study of WM. spinicirrus, in which he has shown 
that the length of the body can increase more than six-fold during life, and 
meanwhile new clamps are continually being added to the proximal end of the 
haptor. He has also shown that a number of characters, hitherto accepted as 
“permanent,” alter during growth, and that egg-size is variable. The present 
studies confirm the findings of Remley (1936, 1942), and add to the characters 
which are to be regarded with scepticism when defining a species. Among these 
are the appearance and relative size of the genital organs, which undergo very 
creat changes during a sex-cycle which is almost as pronounced in some spp. 
(certainly in M. donavini) as it has been shown to be in Kuhnia scombri. Most of the 
Microcotyle spp. have been left in this genus until their re-study furnishes sets of 
characters on which they can be subdivided. Three, however, have been removed 
to new genera on account of the modified shape of the clamps. Some summarized 
information is given below for each species, which may assist in some convenient 
re-grouping—but no critical treatment is attempted herein. 

Subfamily diagnosis.—Microcotylidae in which there are clamps of the 
unmodified discocotylid type developed on either side of the haptor. The haptor 
may be asymmetrical, owing to a reduced growth-factor on one side and/or along 
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its main axis. The distal end of the haptor is determined by the presence of 
anchors (larval haptor), if they persist, and by the presence of the oldest pair of 
clamps ; the proximal end by the presence of clamps in the process of formation 
and emergence to the surface. Some modified clamps may be present in addition, 
probably always in the more proximal region of the haptor, but these never 
have accessory sclerites. Ovary looped in various ways, eggs usually filamented. 
Vagina usually single; genital atrium usually with a complicated armature of 
hooks in more than one series. Testes numerous, follicles entirely post-ovarial. 
Type genus: Microcotyle van Beneden & Hesse, 1863. 


Key to the Genera of Microcotylinae Montic., 1892 (char. emend.). 


1. Some clamps of modified structure present .......... sec ceeencceecerecceens 2. 
Clamps all of the same structure... . 2). ..0.0ccseecnee siniens et one ss a aleen ne sma 3. 
2. Modified clamps in two rows on one arm of a fishtail-shaped haptor, which is 
separated off from the body ; anchors absent ...........cceeeesesrceescees Pyragraphorus. 
Modified clamps on a unilateral extension of the haptor along the body-margin ; 
ANGHOTS PROREING Tivile ns aie'cies was «e F = ote'coe ace oy 01s flags oat SEO eRe ie yan Cemocotyle. 
3. Posterior end of haptor at the posterior end of the worm; clamps of equal or 
unequal size’; anchors present: or absent ...... < 260 2 us as egestas eee 4, 
Posterior end of haptor lateral ; a tendency to the suppression of growth on one 
lateral clamp-row present or not ; anchors present (? or absent)............- 5. 
4, An approximately equal number of clamps on either side of the haptor ; clamps 
of equal size : 
Anchors absent.in Badal sic. oii. ic scen's « rue wieiiniatole ta take oe ieee ee Microcotyle. 
Anchors persist in adult........ 5, nig'e gaia law inlet etme CREEP re ewe Tain Gane eee Gotocotyla. 
Unequal numbers of clamps on either side ; clamps in two parallel rows of equal 
length ; one row of large clamps and the other of very small clamps (anchors 
PRON LI) Sects ore: at an an en PRISM rem Re hak GHMINE a ob O.d bated ae Lintaxine. 
5, One side of haptor more or less suppressed, bearing few clamps, which may be of 
the normal size or smaller (anchors ? absent) ..........20ccseeccessccceens Heteraxine. 
Both sides of haptor equally developed, but a complete suppression in growth of 
the median haptoral axis ; region of formation of clamps on either side of small 
anchors in the middle of the straight row of clamps ............-+eeeeeeeee 6. 
6." Yeounal pore lateral: anchors present ~ i; ./...s:¢< waters gale a eometnie § peveini aes Axine. 
Vaginal pore mid-dorsal ; anchors ? absent ...........cccccceecccecccecssen Axinoides 


Microcotyle van Beneden & Hesse, 1863. 

v. Ben. & Hesse, 1863, 96, 112; Montic., 1888 a, 7, 8, 11, 15, 34, 40, 52, 
53, 55, 59, 60, 66, 86, 89, 101; Parona & Perugia, 1890 (Oct.), 173-219: 
review and descr. of ten spp. ; Ariola, 1899, 129-138 (id. 1-10) ; Goto, 1891 a, 
161, 169, 170, 178, 184, 186, 187; 1891c, 103; 1893 a, 798, 799, 800; 
1894, 3, 4, 8, 9, 10, 13, 14, 15, 16-20, 36, 37, 44, 46, 47, 48, 50, 51, 52, 53-55, 
56, 57, 58, 59, 67, 68, 75, 78-79, 85, 86-88, 90, 91, 94, 97-99, 100, 103-104, 
107, 109, 111, 115, 117, 118, 119, 121-122, 124, 125, 126, 129, 131, 135-139, 
141-144, 146, 147-148, 149, 152, 160, 162, 173, 178-179, 180, 183-196: 
comp. anat.; key, on pp. 254-255 ; 1899, 351-352; G. A. & W. G. MacCallum, 
1913, 293-995 : (on the selection of specific characters within this genus), 
228-233 (tabular data on 30 spp.); G. A. MacCallum, 1913 c, 389-390, 401 
(tabulated data on four n. spp.) ; Brown, 1929, 67-83: review and anat. study 
of n. sp.; Sprehn, 1933, 30: mentions five spp. from N. Sea area ; Ishii, 1936 
781-789: separates spp. into the gen. Gotocotyla, which have persistent 
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anchors in the adult ; Remley, 1936, 535-536 : prelim. abstract on life-history 
and character of larva; 1942, 141-155: morph. and indication of a number 
of characters hitherto taken as specific criteria, which vary with the age of 
the worm and through other unknown causes; life-history studies and 
demonstration of the possession of anchors by post-larval worms. In the 
recent studies at Plymouth it has been possible to confirm all Remley’s 
findings on the variability of characters during growth, and to add the 
phenomena of the more or less separated sex-phases, which increase the 
variations in appearance of the worms—larval anchors demonstrated in this 
material also (M. donavini—the genotype). 

Generic diagnosis.—Microcotylinae with a (usually) symmetrical haptor 
consisting of a triangular extension of the body or of a V-shaped frill 


Figures 101 a-e. 


a-e: Microcotyle donavini—a, Larval worm with twelve pairs of clamps and retaining the larval’ 


anchors on the terminal lobe ; 0}, Posterior end of specimen in a, showing the two dissimilar: 
pairs of anchors and three clamps in different positions ; c, Very young adult (26 pairs of clamps), 
showing testes and well-developed receptaculum seminis, though the full complement of testes 
not yet developed; d, A later stage showing recrudescence of testes, spent ovary, and highly- 
developed vagina and vitelline ducts, dorsal view; e, One of the largest specimens (46 pairs. 
of clamps), showing active ovarian phase—one egg in uterus, and active testes, ventral view. 
(All figures to the same scale except b—original.) 


embracing more or less of the posterior region of the body. The morpho- 
logical posterior end is at the posterior end of the worm, and in the larva 
and post-larva bears two pairs of anchors—the outer with bifid roots and 
the inner with a simple root. The formative region is both morphologically 
and anatomically anterior, where new clamps are added to each row as 
growth proceeds. The clamps are all of the typical structure met with in 
Discocotylidae (esp. Anthocotylinae), and they are usually all of the same 
size when fully emerged to the edge of the haptor. Genital atrium variously 
armed. Vagina usually single and mid-dorsal, though two vaginal pores 
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may be present in the lateral dorsal regions, associated with sucker-like areas. 
Ovary usually looped, with the distal end posterior—in the form of a ie ik 
though exceptionally it is globular. 

Type species: Microcotyle donavini v. Ben. & Hesse, 1863. 


According to Stiles & Hassall, 1908, 304, no type has been selected for this genus, and they say 
“either donavini or labracis should be the type”; since the former is the commoner—the latter has 
not been available for study—and is herein described, it has been “selected as type.” Dr. Baylis 
(personal communication) accepts this in the following words: ‘‘ By page-precedence . . . . labracis 
appears to have come first. But according to [Int. Rules] Art. 30, II, t, page-precedence is to be 
invoked only as a last resort, and it is therefore probably justifiable to designate donavini as type 
(Art. 30, ITI, ).” 


M. donavini van Beneden & Hesse, 1863; emend., Stiles & Hassall, 1908. 

v. Ben. & Hesse, 1863, 114-115, pl. 12, figs. 1-11: (as M. donavani) on the 
gills of Labrus donavani (sic)—‘* Vielle verte ”»—{in summarizing the data on 
this sp. Par. & Per. (1890, 215) state that it was discovered by v. B. & H. 
in March, at Brest, though this information does not appear in the original 
publication]; Par. & Per., 1890 g, 207-208, pl. 4, fig. 24: (copy of original 
descr. and fig. of gen. armature—because the host does not occur in the 
Mediterranean); these authors think it may be identical with M. erythrini ; 
Th. Scott, 1905, 116-117, pl. 6, fig. 21: on the gills of Labrus berggylta Ascan., 
common in the Moray Firth and North Sea, Scotland (as M. donavant) ; 
gives total length as about 5-3 mm. and number of clamps as slightly variable 
—about 34; G. A. & W. G. MacCallum, 1913, 228-229: (as M. donavani). 
[The form ‘“ donavini”’ is the corrected orthography, and the original error 
was due to v. B. & H. mis-spelling the name of the host in a similar way. 
Both forms occur in the literature—cf. Thyrsites (p. 419.)]; Nicoll, 1915, 352, 
357: Scott’s record, from Aberdeen ; Sprehn, 1933, 30 (id. nom.) ; Meserve, 
1938, 51: syst. (as M. donovani). This sp. is common both at Roscoff and at 
Plymouth on L. berggylta Ascan. (Figs. 101 a-e herein.) 


This species is one of the few British Monogenea which have been found to be the probable immediate 
cause of death in infected hosts which are kept in captivity for a short time. For some reason they 
multiply exceedingly rapidly in aquarium conditions, or the larvae, which would normally escape 
into a larger “ macro-environment,” in small volumes of water tend to re-infect hosts already bearing 
adult forms, and so their worm-burden is built up very rapidly. Fatalities from these worms were 
first noticed at Roscoff in June 1937, where freshly-caught fish had only a few (one of four fish infected), 
but in Sept. 1938 none was found on six freshly-caught fish at Roscoff. At Plymouth only specimens 
of this host dying in aquaria were examined [except ten freshly-caught fish below 23 cm. in length, 
which were uninfected by this parasite], and nine out of ten of the aquarium fish (which were 23 em. 
and over) were very heavily infected with all stages of development from the post-larva to large 
spent adults. The presence of so many worms on the gill evokes a hyper-secretion of mucus, and 
this so cloaks the respiratory surface that the gill-filaments become anaemic and, presumably, the 
fish dies of suffocation as it does in Gyrodactyloid infestations. 

The smallest post-larva found (fig. 101 @) had only 12 pairs of clamps, and still retained the larval 
anchors at the posterior end of the body—representing the larval haptor (fig. 101 5). This is only 
the second record of a post-larval microcotylid being found bearing anchors, thus confirming Remley’s 
finding for the American freshwater sp. M. spinicirrus, so that it is reasonable to assume that this 
type of life-history is common to the genus, atileast. In course of development the body grows — 
in length and the testes appear to be first functional for this sp., at Plymouth, at the stage illustrated _ 
in fig. 101 c. The ovary and vitellaria at this stage are rudimentary. In larger worms, with more 
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clamps, the ovary is functional but the testes appear to be diffuse and partly vacuolated. At a later 
stage still (fig. 101 d), presumably at the end of (? one of) the first egg-laying phase(s), the vitellaria 
are massive, and large granules and spherules of the highly refractive golden substance are found 
in the female ducts. The vagina and confluent longitudinal vitelline ducts are distended with the 
vitelline substance. The ovary is only just visible as a granular transparent tube, with a slightly darker 
staining proximal region, but containing no ova, though malformed eggs were found in the ootype. 
The testes are small and spherical and packed with nuclei, indicating recrudescence and an oncoming 
male phase—the figure is taken from a somewhat expanded specimen, so that these organs are made 
more clearly visible. Fig. 101 e is from one of the largest size-group [all except b are drawn to the same 
scale for comparison]: in this the testes are nearly “ripe ” (they are in closer juxtaposition at full 
maturity) and the female phase is well developed. One filamented egg is present in the uterus, 
and the vitelline ducts are moderately distended. This worm has 46 pairs of clamps: the number 
varies in this largest size-group, and the mean of 12 counts was 44 pairs, though one, not the longest, 
had 55 pairs. The haptoral flange bearing the clamps is very delicate and highly mobile : in live worms 
the clamps are brought into contact with the gill filament, and leave it in serial succession—the 
whole showing metachronal rhythm not unlike the movement of a millepede. The oral suckers are 
not septate in this sp. The genital atrium is in two parts, and both the larger anterior chamber and 
the smaller posterior are covered with very numerous short spines with sharp points and broad adherent 
bases. The unarmed vaginal pore is in the median dorsal line some little (variable) distance behind 
the terminal male genitalia—it has a faintly-indicated surrounding sucker. 

No ciliated larvae were found. On all these large fish, together with the worms on the gills, were 
large numbers of the parasitic copepod Hatschekia labracis and, in addition, the young and adults of 
Caligus labracis and a few younger stages only of C. centrodonti. Both the latter spp. were often 
carrying eggs, young and adults of Udonella caligorum. This crowded association is a further refutation 
of the suggestion of Jones (1933 d, 227, 229) and others that copepod and monogenean parasites 
on the gills of fishes are mutually exclusive. A statistical proof of this—for mackerel parasites—will 
be given elsewhere, showing that there is no preference or avoidance of these two types of parasites on 
the same gill. 


M. acanthogobii Yamaguti, 1940. 
Yam., 1940, 53-54, fig. 17: on the gills of Acanthogobius flavimanus from 
Ago Bay, Mie, Japan ; total length 1-55 to 3-05 mm., haptor 0-62 to 1-2 mm. 
long, with 20-25 pairs of clamps, each up to 80, wide; 7—12 testes; oral 
suckers septate; cirrus and vagina are unarmed; egg 180-200 u x 66-75 p ; 
The sp. is nearest to M. cepolae ; Sandars, 1944 a, 74—cf. M. helotes. 
M. aigot Ishii & Sawada, 1938 ; emend. 
Ishii & Sawada, 1938, 240, pl. 2, figs. 1-2: (as Wierocotyla a.) on the gills 
of Siganus fuscescens from Japan; 20-24 clamps on each side, each 
c. 70447; c. 30 testes; genital atrium transversely oval, with c. 200 
conical spines, each 9-144: resembles M. caudata. 
M. alcedinis Par. & Per., 1890. 

Par. & Per., 1890 a@ (Oct.), 744; 18906, 63; 1890 c, 204-205, pl. 5, figs. 
29-20: on the gills of Smaris alcedo from Genoa (July), and on Moena vulgaris 
from Genoa (Feb.); 40-45 clamps on each side, each 56442; 8-10 
testes ; conspicuous vaginal pores on either side of the mid-dorsal side with 
sucker-like borders and a sheaf of spines; cirrus unarmed ; eggs (with obtuse 
polar filament) 168x704; MacCallum & MacCallum, 1913, 228-229: 
tabular data; Brown, 1929, 68, 80, 81, 82: comp. anat.—considers this 
to be very near to M. centrodonti, and that the “ vaginae”’ of Par. & Per. 

are the same structures which she has descr. as ‘“‘ dorsal suckers’’, and do not 
communicate with the vaginal canals ; Meserve, 1938, 50: syst. 
3K2 


428 NORA G. SPROSTON : 


M. angelichthys MacCallum, 1913. 

MacCallum, 1913, 396-398, 401, figs. C a-c: on the gills of Holacanthus 
ciliaris from N. Y. Aquarium ; 20-30 clamps on each side, each 30 XK 20; 
20 testes ; genital atrium globular, covered by minute spines, and two groups 
of spines posteriorly (=? posterior atrial chambers) ; vaginal pore unarmed ; 
ovary spherical; total length of worm 4:3 mm.; Meserve, 1938, 50: 
acceptance of sp. 

M. angelichthys-townsendi MacCallum, 1916, 36-37, fig. 16: on the gills of 
Angelichthys townsendi from Woods Hole, Mass., U.S.A.: haptor distinct 
from body—not containing vitellaria or testes; total of c. 56 clamps; oral 
suckers septate (round); uterine and male openings surrounded by dense 
tufts of hair-like spines—atrium and its armature occupying nearly whole 
width of this region; vagina mid-dorsal and pore unarmed; ovary 
horse-shoe-shaped ; c. 26 testes; total length of worm 3-05 mm., width 
0-15 mm.; Meserve, 1938, 50: as a valid sp. 

M. archosarg: MacCallum, 1913. 

MacCallum, 1913, 398-401, figs. D a—-d: on the gills of Archosargus probato- 
cephalus from the New York Market; 53 clamps on each side, each 
80 un x 40; 25-30 testes; genital pore and vaginal pore armed with small 
conical spines; eggs with a long filament, much coiled, at each end— 
1704 X 70u; Meserve, 1938, 50: as a valid sp. 

M. australiensis MacCallum, 1921. 

MacCallum, 1921, 6, fig.: on the gills of Pomatomus saltatrix from Sydney, 
Australia; c. 4 mm. long; haptor 1-4 mm., bearing 58-62 clamps on each 
side ; 25—26 testes ; genital atrium armed with spines. 

M. australis Murray, 1931. 

Murray, 1931, 503-504, pl. 21, fig. 8, pl. 22, fig. 18: on the gills of Sparus 
australis from Werribee River, Victoria, Australia; oral suckers round, 
septate ; haptor heart-shaped; testes 8-9 in a single row; two vaginal 
pores in the lateral regions—this area and that of genital atrium apparently 
supported by a broad oval cuticular disc c. a third the width of the body; 
ege broadly oval, with two long coiled filaments; Meserve, 1938, 50: as a 
valid sp. 

M. bassensis Murray, 1931. 

Murray, 1931, 500-502, pl. 21, fig. 6, pl. 22, figs. 16-18: on the gills of 
Platycephalus bassensis from Port Phillip Bay, Victoria, Australia; 25% 
infestation ; haptor heart-shaped with c. 70 clamps on each side; oral 
suckers septate, with minute spicules; c. 8 broad, irregular, testes; genital 
atrium—with a pre-atrial and two posterior chambers—covered with 
small spines up to 9 long; Woolcock, 1936, 87-88, fig. 45: redescr.; 
5-8-6:3 mm. long ; oral suckers 80-100» x 40-80; 30-36 testes; clamps 
50-55 on each side, each 50-80 » wide; Meserve, 1938, 50: asa valid sp. 

M. baumi Sprehn, 1929, 353-360, figs. 1-5: on the gills of Cantharus sp. from the 
Leipzig Aquarium—originally from the Mediterranean. Total length 4-6 to _ 
8-2 mm. and width 0-6 mm.; haptor bearing 40 to 60 pairs of clamps, each 
120 X 70h; oral suckers 80 x 50; intestinal bifurcation at level of 
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genital atrium; penis conical ; vagina double, opening by two pores; 
30 to 40 testes ; uterus sac-like, containing c. 50 eggs—140 « 70 pb, With a 
filament at each pole. Shown to be distinct from two other spp. which . 
have double vaginae—M. alcedinis and M. canthari being cited ; Sprehn, 
1933, 30, fig. 5 (haptor). 
M. Baichiosteni? Yamaguti, 1937. 

Yam., 1937 (17), 1-3, figs. 1-2: on the gills of Branchiostegus japonicus 
‘ from the Sea of Japan; 41-48 clamps on each side; strongly resembling 
¢ M. caudata, except for the number of clamps; Meserve, 1938, 50: as a 

valid sp. 

M. canthari van Beneden & Hesse, 1863. 

v. Ben. & Hesse, 1863, 113-114: on the gills of Cantharus griseus [Par. & Per., 
1890 c, 215, give the information that the original material was collected at 
Brest in Sept.]; Par. & Per., 1890 c, 205-206, pl. 5, figs. 31-33: redescr. 
from specimens from Cantharus lineatus [=C. griseus] from Genoa in April 
(also report Valle finding it on C. brama at Trieste in April); 90-100 clamps 
on each side, each 56 « 424; c. 17 testes; genital pore armed with a 
crown of long spines with hastate tips—30 in a circle [20 in fig. 32] and 16 
in two groups behind these [10 in fig. 32]; two vaginal pores in the lateral 
region some way behind gen. atrium [these are most probably dorsal suckers], 
each armed with a rosette of 10 broad-based spinous processes; eggs 
with a long anterior filament and a short posterior one, 56 * 28; con- 
sidered to be near to M. chrysophrii (vide pp. 214-215, loc. cit.); Brown, 

f 1929, 80, 81: discussion as to the nature of the “ vaginae”’ and dorsal 
suckers ; Meserve, 1938, 51: as a valid sp. 

M. caudata Goto, 1894. 

Goto, 1894, 186-187, pl. 1, fig. 1, pl. 2, fig. 7, pl. 3, figs. 7, 8, 9, 10, pl. 4, 
figs. 7-8, pl. 5, fig. 3, pl. 6, fig. 3: on the gills of Sebastes spp. from Mitsugahama, 
Iyo, Japan (Aug.); c. 25 clamps on each side, each 45-80 wide; c. 23 
testes; genital pore at intestinal bifurcation, armed with spines up to 
10u long; vaginal pore unarmed; oral suckers septate; MacCallum & 
MacCallum, 1913, 228-229: tabular data; Yam., 1934, 267-268: on 
Sebastodes inermis from Japan; 1938, 32: redescr.—32 to 50 clamps on 
each side; oral suckers septate ; 20-27 testes; genital atrium with anterior 
and lateral chambers armed with a number of spines c. 104 long; ova with 
unequal filaments, 180. x 60; Meserve, 1938, 51: as a valid sp. 

M. centrodonti Brown, 1929. 

E. M. Brown, 1929, 67-83, figs. 1-6: on the gills of Pagellus [Sparus] 
centrodontus from the London Aquarium; cause of an epidemic resulting 
in the death of several fish ; 63-80 clamps on each side—these are largest 
just behind their origin and decrease towards the posterior end of the haptor 
—largest c. 80 wide and smallest 30, wide; 14-23 testes; two dorsal 
suckers present immediately anterior to the vaginal pore, provided 
with finely denticulate flaps; genital atrium unarmed ; eggs with a very 
long coiled anterior filament, and a shorter posterior one ending in a stellate 
knob—size 50u x 15y. Of the five specimens of P. centrodontus 
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(De la Roche)—between 21 and 26 cm. long—examined at Plymouth in Aug. 
and Feb. (1939-1940), one was brought from Looe, Cornwall, which alone 
had badly infested gills with post-larval microcotylids (nearly all attached 
between the tips of the filaments). It is quite impossible to determine the 
species, though the general appearance is similar to M. centrodonti. No 
internal organs are formed and the terminal genitalia are not developed. 
The larval anchors have been shed, and there are up to about 40 clamps on 
each side. The material was dead on arrival, so that fixation is poor. 
Meserve, 1938, 51: as valid sp. 


M. centropristes MacCallum, 1915. 


MacCallum, 1915 a, 71-72, figs. A a-c: on Centropristes striatus (sic) from 
the New York Market; a short thick sp. with only about 35-45 clamps 
in all; oral suckers with a double row of minute teeth on outer borders 
and an indistinct septum; genital atrium lined by numerous short spines, 
and in posterior chamber two small groups of similar spines; 8-10 testes 
[18 in fig.]; eggs, without filaments, 1504 long; length of worm 3 mm., 
width 0-6 mm.; Meserve, 1938, 51: as a valid sp. 


M. cephalus Azim, 1939. 


Azim, 1939, 17-20, figs. 1-4, on Mugil cephalus from the sea at Alexandria, 
Egypt; 9 mm. long, with small rectangular haptor (1 mm. long) ; 17 clamps. 
on each side (the largest near middle); c. 100 testes; genital atrium with 
15 rodlets, the two anterior with recurved ends. 


M. cepolae Yamaguti, 1937. 


Yam., 1937 (19), 23-24, pl. 5, figs. 32-34: on the gills of Cepola schlegeli 
from Obama, Hukui Pr., Japan; 19-24 clamps on each side, each 48-66 p 
wide; anterior end of haptor overlaps the posterior three testes; oral 
suckers aseptate with an outer row of minute teeth; genital atrium sub- 
triangular, with numerous small spines; vaginal pore unarmed; eggs with a 
slender process at one end and a long hair-like filament at the other, 


' 225-250 up x 85-90; 15-20 testes; 2:3-3-3 mm. long, 0:47-0:66 mm. wide ; 


nearest to M. centropristis, but differs in having no group of spines on the 
male pore at the base of the atrium, in the number of testes [?] and in the 
egos; Meserve, 1938, 51: as a valid sp. 


M. chiri Goto, 1894. 


Goto, 1894, 193-194, pl. 2, figs. 4-5, pl. 3, fig. 5, pl. 5, fig. 4: on the gills of 
Chirus hexagrammus from Hakodate, Japan; haptor in the form of a frill 
round the posterior half of the oval body, carrying c. 30 clamps on each side, 
each 90p-140 wide; 25 testes; genital atrium armed with 15 spines. 
with bulbous bases, as in MW. reticulata; vaginal pore unarmed ; MacCallum 
& MacCallum, 1913, 230-231: tabular data; Meserve, 1938, 51, 53: as a 
valid sp. and ef. with M. priacanthi, which has a similar cup-shaped organ in 
the genital atrium. 


M. chrysophryi van Beneden & Hesse, 1863; emend. Braun, 1890. 


v. Ben. & Hesse, 1863, 148-149, pl. 15, figs. 3-9: (as chrysophryii) on the- 


gills of Chrysophrys aurata [according to Par. & Per., 1890 c, 214-215, the 


material was collected in the Mediterranean]; Par. & Per., 1890 c, 200-203,. 
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pl. 4, figs. 19-22, pl. 5, figs. 25-27: redescr. from the same host at Genoa 
_ (also collected by Valle at Trieste) ; 78 clamps on each side, each 70 u < 56; 
ce. 12 testes; genital atrium very large and armed with 50 alternating spines 
“like those from the rostrum of Taenia solium ”’—108 p-45 w long ; vaginal 
-. pore unarmed ; ova numerous, with a long posterior filament and a shorter 

’ anterior one which ends in a fish-hook-like process; 1894, 137: from the 

same host from Venice; Braun, 1890 a, 410: alters spelling to chrysophryi 

’ [to which Stiles & Hassall, 1908, 304, give preference]; MacCallum & 

MacCallum, 1913, 228-229: tabular data; Brown, 1929, 81: criticises 
Par. & Per.’s interpretation of the structure of the intestinal epithelium ; 
Meserve, 1938, 51: as VW. chrysophryi—a valid sp. 

M. ditrematis Yamaguti, 1940. 

Yam., 1940, 48-49, figs. 10-12: on the gills of Ditrema temmincki from 
Hamazima, Japan; total length 3-4-4:5 mm., haptor 1-2-2-1 mm., with 
39-44 clamps on each side, each 60-80 wide; vitellaria extending nearly 
to end of haptor; 20-25 testes; genital atrium pyriform and very thickly 
lined with short conical spines ; vaginal pore very wide but unarmed; eggs 
with one exceedingly long filament and the other barely as long as the egg— 
180 <X 604; oral suckers septate; resembles 7. incisa: the most super- 
ficial similarity is that in both the haptor has nearly parallel sides, but in 

; incisa the oral suckers are 110 < 160, and in ditrematis they are only 

= 33-42 w X 39-42 pw. 
| M. draconis Briot, 1904. 

Briot, 1904, 126-127: on the gills of Trachinus draco from the English 
Channel and North Sea; (?) Nicoll, 1914, 297, fig. 6: an immature specimen 
from the gills of 7. draco from Plymouth, and mature specimens from the 
same host at Aberdeen; 11 clamps on each side; c. 17 testes; the ovary 
is figured as spherical. No other details are given in Nicoll’s fig. and brief 
descr., except that the eggs appear to have very short coiled filaments. 
He was not certain of the correctness of this designation; Sprehn, 1933, 30; 
Meserve, 1938, 51: asa valid sp. 

M. elegans Goto, 1894. 
Goto, 1894, 188-189, pl. 1, fig. 4, pl. 5, fig. 2: on the gills of Scombrops 
chilodipteroides from Misaki, Japan ; total length 4-0 mm. ; haptor 1-3 mm. ; 
_ oral suckers septate; c. 50 clamps on each side, each 40-60 wide; c. 27 
large testes; genital atrium with pre-atrial bulb and armed with minute 
ih. spines c. 5 long; MacCallum & MacCallum, 1913, 230-231: tabular data ; 
a i Ishii & Sawada, 1938, 241: cf. with M. mouwoi; Meserve, 1938, 51: as a 
valid sp. . 
. eriensis Bangham & Hunter, 1936. 
Bangham & Hunter, 1936, 335-336, figs. 8-12: on the gills of Aplodinotus 
- grunniens from Lk. Erie; 1-2 to 2:7 mm. long; with a parallel-sided haptor 
with 21-28 clamps on each side ; oral suckers “‘ 40 » deep,” without spicular 
row; c. 20 testes; vagina ovoid and unarmed, “apparently not connected 
the rest of the reproductive system”; ovary spherical; “female cone’ 
75-80 smail hooks, 28-31 » long; penis corona with 15 heavy recurved 
‘3, 28-31 » long; Meserve, 1938, 51: as a valid sp. 


a 
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M. erythrini van Beneden & Hesse, 1863. 


v. Ben. & Hesse, 1863, 115-116: on the gills of Pagellus erythrinus 
[according to Par. & Per. (J. c.) the material was found at Brest in Aug.]; 
Par. & Per., 1890 c, 203-204, pl. 4, fig. 23, pl. 5, fig. 28: redescr. from 
material on Pagellus acarne and Box boops from Genoa; 45 clamps on each 
side, each 70 wide; c. 10 testes in a single line [from fig. 28]; genital 
atrium (fig. 23) covered with triangular hooks of varying size, with broad flat 
points and bulbous bases: two additional groups of much smaller spines 
posteriorly ; eggs with a long and a shorter filament ending in an anchor- 
like structure—230 x 90; 1894, 136; MacCallum & MacCallum, 1913, 
228-229: tabular data; Meserve, 1938, 51: as a valid sp., p. 53, cf. with 
M. priacanthi ; [Braun, 1890 a, 418: uses the spelling “ erythrinis”’]. 


M. eueides MacCallum & MacCallum, 1913. 


MacCallum & MacCallum, 1913, 240-243, figs. #, G, H: on the gills of 
Roccus lineatus from the Atlantic Coast of U.S.A. ; haptor continued anteriorly 
as a free frill for its anterior third, with c. 88 clamps on either side, each 
50 x 60; oral suckers 80u; c. 32 testes; genital atrium inverted heart- 
shaped and covered with minute spines; eggs 150u x 90u, with a very short 
posterior and a very long and coiled anterior filament; Meserve, 1938, 51: 
as a valid sp. 


M. furcata Linton, 1940. 


Lint., 1940, 20-21, pl. 16, fig. 220, pl. 17, figs. 221-223: on the gills of 
Tautoga onitis from Woods Hole, Mass., U.S.A. ; 20-28 clamps on each side, 
each 45 X 60; 14-24 testes; genital atrium “ spacious’ and armed with 
large numbers of spines, mostly about 6, some at the posterior end 9p. 


M. fusiformis Goto, 1894. 


Goto, 1894, 192-193, pl. 2, fig. 3, pl. 4, fig. 6, pl. 5, fig. 1: on Centronotus 
rubulosus from Mitsugahama, Japan; haptor in the form of a rather wide 
triangular frill, similar to that of W. chiri, but this sp. has a definite triangular 
portion projecting beyond the body proper; the clamps originate on the 
frill as far forward as the beginning of the testicular zone—c. 30 on each 
side and 46-65 » wide; c. 15 testes; genital atrium with a pre-atrial chamber 
covered with small conical spines 7» long; MacCallum & MacCallum, 1913, 
230-231: tabular data; Meserve, 1938, 51: syst.; Crofton, 1940, 318-319: 
records the same sp. on the gills of Centronotus [=Pholis] gunnellus from 
rock-pools at Cullercoats, Northumberland—common during June, July 
and Aug. 1937; there was a high percentage infection (up to 6 per fish), 
and five out of six aquarium fish were infected ; none was found from Aug. 
1937 to April 1939; confirms Goto’s descr. and adds notes ; oral sucker 
septate; 31-33 clamps on each side; 14-16 testes; genital atrium with 
thin conical hooks, 5-10 4 long. One individual which is referred to this sp. 
was found on the gills of Pholis gunnellus (L.) [=Centronotus g. Day] from a 
rock-pool at Plymouth on 4. vii. 40; total length 2-8 mm., width 0-54 mm. 
at ovary level; ant. end of haptor 1-59 mm. from ant. end, with 35 clamps 
on each side, 49 wide near posterior end and 57 wide near the origin of 
the clamps at the anterior end of the haptor; only about six testes present, 
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all in front of the anterior end of the haptor. No eggs have yet been found for 
this species. A dozen or more P. gunnellus were examined for this worm at 
Bangor, N. Wales, in March 1943, but none was found. 


. gerres Sandars, 1944 a, 67-68, figs. 1-3: on the gills of Gerres ovatus from 


Mandurah, W. Australia ; total length 2-43 mm. ; haptor distinct from body, 
about two-fifths of its length and bearing 50 pairs of clamps (anterior 38 u 
wide, middle 58 » and posterior 42); three groups of sticky glands on pre- 
oral region, oral suckers 63 » diam., without septa ; 16 testes and an unarmed 
penis 46 1 long; ovary with proximal end on the left side; genital atrium 
unarmed and anterior to intestinal bifurcation (vagina not mentioned) ; 
considered nearest to M. sillaginae and M. parasillaginae Sandars, 1944 
(first mention of this sp.—described in a paper “in the press ’’—data given 
for comparison of these spp. in table on p. 68). 


M. gotoi Yamaguti, 1934. 


Yam., 1934, 269-273, figs. 8-9: on the gills of Hexagrammos otakii from 
Ise Bay, Japan; the frill-like haptor and shape of body resemble those of 
M. chiri, but there are a number of differences of specific value ; 36-40 clamps 
on each side—it is shown that in the skeleton of the clamps the dorsal bars are 
separate from the “ ventral loop” and that the spring at the dorsal end is 
so strongly bifurcate that the two cornua form almost a complete circle ; 
oral suckers septate; 78-86 testes; genital atrium hemispherical, with 
broad-based spines 12 long; vagina surrounded by cuticularized muscle- 
fibres and pore with numerous papilliform protuberances projecting inwards ; 
eggs 160-190 » long, with anterior filament c. 10 times the length of the egg, 
and posterior barely as long as the egg ; Meserve, 1938, 51: as a valid sp. 


M. helotes Sandars, 1944, 72-74, figs. 11-14: on the gills of Helotes sexlineatus 


from Swan River, Safety Bay, W. Australia ; total length 2-87 mm. ; haptor 
not distinct from the rest of the body—1-02 mm. long—bearing 32 pairs of 
clamps, each 33 x 58, and containing vitellaria for 0-51 mm. of its 
length; 14 testes; genital atrium covered with numerous minute spines, 
which also occur in two posterior diverticula. Oral suckers with septa. 
Egg 255 Xx 62, with an anterior filament of over 1 mm. and a posterior 
of 60. Related to M. acanthogobi, but differing in that the testes in the 
latter begin at the anterior level of the haptor, whereas in MM. helotes the 
haptor slightly overlaps the testicular region (tabular comparison). 


M. heteracantha Manter, 1938. 


Manter, 1938, 393-395, pl. 1, figs. 1-7: on the gills of Cynoscion nebulosus 
from Beaufort, North Carolina, U.S.A.; very long and narrow form with 
gonads confined to the posterior half and haptor without (?) a membranous 
frill, clamps being arranged in even rows some little distance inwards from 
the margin of the posterior quarter of the body, the left row longer than 
the right [exceptional in this genus—a tendency towards the character of 
Heteraxine|—112-137 on left side and 100-115 on the right, c. 35 w in width ; 
intestinal crura extending to near the end of the haptor and left row of clamps 


only just overlapping the testicular zone; 33-35 testes; ovary a narrow 


inverted U-shape with a folded proximal limb; vaginal pore unarmed and 


you, xxv.—part tv. No 32.—1946. 3L 


434 


NORA G. SPROSTON : 


about halfway between ovary and anterior end dividing immediately into 
two longitudinal trunks; genital atrium with 7 chambers, the anterior 
of which are sucker-like, the two anterior guarded from the confluent two pairs 
of lateral chambers by a row of medium-sized hooks with short bifid roots 
and a long recurved distal portion ; from the middle lateral loculi there arise 
long, anteriorly curved hooks; the posterior long undivided pyriform loculi 
are lined with numerous minute hooks; eggs 122-133 x 61-65n, 
with a long polar filament ; Linton, | 1940, 22, pl. 17, figs. 224-227: on 
Cynoscion regalis from Woods Hole region (described as Microcotyle sp., 
but considered herein to belong to the present sp., though the descr. and figs. 
are not in quite sufficient detail for certain identification); the peculiar 
genital atrium is shown with the three types of spines. 


M. hiatulae Goto, 1899. 


Goto, 1899 a, 281-282, pl. 21, fig. 29: on the gills of Hiatula onitis from 
Rhode Island (Newport), U.S.A. ; total length 3-5 mm. ; 23 pairs of clamps ; 
15 testes; genital atrium in front of intestinal bifurcation, with conical 
recurved spines 15-18, long; vaginal pore unarmed; MacCallum & 
MacCallum, 1913, 230-231 : tabular data; Meserve, 1938, 51: as a valid sp. 


M. ichimidai Ishii & Sawada, 1938 ; emend. 


Ishii & Sawada, 1938, 245-246, pl. 4, fig. 5: (as Muicrocotyla 7.) on the gills 
of Pagrosomus major from Japan; worms 2:88-3:58 mm. long, with a 
haptor bearing 40-48 clamps on either side ; oral sucker 66-92 up x 33-41»; 
35-40 testes; an ellipsoidal receptaculum seminis; two lateral vaginal 
pores; the vaginal canal uniting from the transverse duct to form a long 
median canal; nine short spines associated with the vaginal pores, each 
6 long. The sp. is considered to resemble [Lithidiocotyle] acanthophallus, 
though it differs in the character of the vagina. [These authors do not 
refer to the clamp-skeleton, which is so striking a feature in Lithidiocotyle, 
nor does their fig. indicate that it is anything but typically microcotylid, so 
that M. ichimidai is retained in the genus Microcotyle}. 


M. inada Ishii & Sawada, 1938; emend. 


Ishii & Sawada, 1938, 246-247, pl. 4, fig. 6: (as Microcotyla 2.) on the gills of 
Seriola quinqueradiata from Japan; haptor symmetrical, with 50-60 clamps 
on each side, each c. 901 wide; oral suckers 75-82 1. x 604; 40-48 testes ; 
receptaculum seminis present just to the right of the ootype; eggs with two 
polar filaments, 183 u x 66 p. 


M. incomparabilis MacCallum, 1917. 


MacCallum, 1917, 63, fig. 30: on the gills of Caranaz crysos from Key West, 
Florida ; Meserve, 1938, 51: as a valid sp. ’ 


M. labracis van Beneden & Hesse, 1863. 


v. Ben. & Hesse, 1863, 112-113, pl. 12, figs. 12-18: on the gills of Labrax 
lupus [Par. & Per. (I. c.) state that this was originally found “? at Brest ” 
in Nov.]; Vogt, 1878, 327-332, pl. 15, figs. 8-9, pl. 16, figs. 4-6: on the gills 
of L. lupus from Roscoff in July ; 1879, 371-373 (idem: French transl.) : 
anat., esp. of reproductive organs; Par. & Per., 1890 a, 64; 1890 c, 194-198 : 
redescr. from material from the same host at Genoa (Nov.)—pl. 4, figs. 14-16 ; 


A SYNOPSIS OF THE MONOGENETIC TREMATODES. 435. 


c. 63 clamps on each side, each 98» x 56; oral suckers septate ; intestinal 
branches very much ramified; numerous large testes; genital atrium 
not with long trifid spines as figured by v. Ben. & Hesse, whose figs. have 
not been confirmed either by Vogt or by Par. & Per., but nearly spherical, 
with four to five regularly overlapping rows of slightly sigmoid spines disposed 
radially, though these are lacking posteriorly where the unarmed penis 
occurs ; vagina spherical, at the mid-dorsal pore, where it opens in a minutely 


_papillose margin; below this, just within it, is a circle of minute spines; 


eggs with a short anterior and a longer posterior filament (336) which 
ends in an anchor with barbed tips (v. Ben. & Hesse stated that this was the 
anterior filament); size 320 x 1264; Th. Scott, 1905, 117, pl. 6, fig. 23, 
on the gills of L. lupus from Scotland; total length given as 7 mm.; 
similar to M. donavini, but has nearly double the number of clamps; 
MacCallum & MacCallum, 1913, 228-229: tabular data; Johnstone, 1911: 
on the same host from Liverpool; Nicoll, 1915, 352, 353: as found by 
A. Scott, 1904—from the Irish Sea; Sprehn, 1933, 30 (2d. nom.) ; Meserve, 
1938, 51: as a valid sp. 


M. lichiae Ariola, 1899. 


Ariola, 1899, 1-5, pl. 1, figs. 1-5: on the gills of Lichia amia from Genoa ; 
21-31 clamps on each side ; genital atrium with five rows of small concentric 
spines; male and female openings separate, behind the intestinal bifurca- 
tion; eggs, about 20 together, with a short filament—133y x 10ly; 
MacCallum & MacCallum, 1913, 230-231: tabular data; Meserve, 1938, 51: 
as a valid sp. 


M. longicauda Goto, 1899. 


Goto, 1899 a, 282-283, pl. 21, figs. 30-31: on the gills of Cynoscion regale 
from Newport, Rhode Isl., U.S.A.; 120 clamps on each side; c. 55 small 
testes ; genital atrium with numerous conical recurved spines in the anterior 
region (13-16), and two lateral groups in the posterior region (9); eggs. 
unknown ; Pratt, 1900, 657, 661, fig. 39 (in key); MacCallum & MacCallum, 
1913, 230-231: tabular data; Meserve, 1398, 51: validity of sp. 


M. macroura MacCallum & MacCallum, 1913. 


MacCallum & MacCallum, 1913, 233-240, figs. C, D, H: on the gills of 
Roccus lineatus from the Atlantic Coast of N. America; haptor rather short 
and broad—tendency to rhombic ; medium-sized clamps in the anterior third, 
largest in the middle third and very small in the posterior third—sizes 
120p, 330n, 404; c. 25 clamps on each side; oral suckers non-septate, 
120 xX 160; c. 100 testes; vagina unarmed; genital atrium apparently 
unarmed, though in one specimen there were four spines arranged in 
“W” formation; eggs with a long anterior filament, and “ posterior 
one with an anchor-shaped hook ”—220 # X 120; Meserve, 1938, 51: as 
a valid sp. 


M. mormyri Lorenz, 1878. 


Lorenz, 1878 a, 425-434 (reprint, 21-30), pl. 3, figs. 1-6: on the gills of 
Pagellus mormyrus in May from Trieste; Montic., 1888, 10, 16, 30, 34: (as 
M. mormiri); Par. & Per., 1890c. 190-192, pl. 3, fig. 8: redescr. from. 
3L2 
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specimens from the same host at Genoa in Aug. (also found by Valle on 
same host in April at Trieste) ; 65-100 clamps on each side, each 84 X 56 ; 
16-18 testes; genital atrium with three groups of long uncinate spines, 
the anterior arranged in a semi-circle (10, each 70), and the others in two 
groups posteriorly, arranged parallel, about five or six close together (35 ;2) ; 
vagina, an unarmed bulb ; eggs 196 » x 70 py, exclusive of appendix—l4—16 
together; oral suckers septate, 120 <x 82u; Par. & Per., 1889, 745; 
1890 a, 64; 1894, 137; MacCallum & MacCallum, 1913, 228-229: tabular data ; 
Meserve, 1938, 51, 53: cf. with MW. priacanthi—as a valid sp. 


M. mouwoi Ishii & Sawada, 1938 ; emend. 


Ishii & Sawada, 1938, 240-241, pl. 2, figs. 3-4: (as Microcotyla m.) on the 
gills of Siganus fuscescens and Epinepherus chlorostigma [? mis-spelling for 
Epinephelus c.] from Japan; haptor a short narrow frill attached to 
the rather broad posterior fifth of the body, its anterior end just reaching 
the testicular zone, though the crura and vitellaria are present in the haptor ; 
28-30 clamps on each side, each 47-6lp xX 23-5-28y; oral suckers, 
apparently simple, 70u x 50-56; 15-17 testes; genital atrium just 
behind the intestinal bifurcation, with four long spines which meet in a 
point, each 18-33 1 long; vaginal pore unarmed, leading to a long median 
canal, with a short bifurcation immediately above the short transverse 
vitelline ducts, near the anterior border of the ovary; ovary large, “‘?”’-shaped ; 
eggs unknown. . 


M. mugilis Vogt, 1878. 


Vogt, 1878 (May 7), 327-332, pl. 14, fig. 3, pl. 15, fig. 8: on the gills of 
Mugil cephalus from Roscoff (Aug.); anat., esp. of reproductive organs ; 
Par. & Per., 1890 c, 198-199, pl. 4, figs. 17-18: redescr. from material on the 
same host at Genoa (Oct.); 25-26 clamps on each side, each 70p X 50y; 
oral suckers septate, with a fringe of about 60 globular teeth round the opening, 
90 xX 63; c. 40 testes; genital atrium with a crown of 35 radiating spines, 
each 14; eggs unknown; vagina unarmed; Sonsino, 1891, 253-254: (as 
M. mugylis) on M. cephalus; MacCallum & MacCallum, 1913, 228-229: 
tabular data; Meserve, 1938, 51: as a valid sp.; Yam., 1938, 32-33, pl. 5, 
figs. 23-24: redescr., some details from M. cephalus from the Sea of Araike, 
Kyusyu, Japan; exactly the same descr. of the oral suckers, but not for the 
gen. atrium: a crown of 145 spines, each c. 204; eggs 186-198 uw x 114-120 p, 
4-5 in the uterus, thick-shelled; c. 40 transversely-elongated testicular 
follicles, 


M. pagrosomi Murray, 1931. 


M, pancer Sonsino, 1891, 303-304 (July 5)—no figs.—on the gills of Umbrina 


Murray, 1931, 502-503, pl. 21, fig. 7, pl. 22, fig. 19: on the gills of Pagrosomus 
auratus from Port Phillip Bay, Victoria, Australia; haptor with 55 clamps 
on each side ; spicules in the cavity of the oral sucker; c. 16 testes; vaginal 
pore a very wide funnel; on either side of it are “ vaginal hooks ”’— 
about 50 in clusters; egg with one long and one short filament ; Meserve, 
1938, 51: as a valid sp.; Yam., 1938, 31: cf. with the nearly-related 
M. tai. 


+ oy ; 
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cirrosa collected by Richiardi (? at Pisa)—specimens in the Pisa Museum ; 
c. 100 clamps on each side of the haptor, each 1201 wide ; numerous testes ; 
oral suckers 135 uw long ; genital atrium horse-shoe-shaped, with three series of 
hooks, 50 in the middle arc, 30 in the inner and 80 in the outer; 5-10 eggs 
present in a bunch in the uterus, with their long filaments coiled ; Meserve, 
1938, 51: as a valid sp. 

M. parasillaginae Sandars, 1944. 

Sandars, 19444, 68—mentioned in comparison with M. gerres: total 
length 2-15 mm., with the haptor about a third this length, bearing 25-27 
pairs of clamps, each 64 , wide; oral suckers 80 x 48, with a septum ; 
14 testes ; intestinal bifurcation posterior to genital atrium, which is armed ; 
penis without papilla (present in M. sillaginae), and 48 p» long. 

M. pentapodi Sandars, 1944 a, 69-71, figs. 4-7: on the gills of Pentapodus milii 
from Rockingham, W. Australia; total length 2:06 mm.; haptor distinct 
from body, 0-42 mm. long, bearing 25 pairs of clamps (404 x 23); oral 
suckers with transverse septa; intestinal bifurcation immediately behind 
the armed genital atrium, which is surrounded by a “ genital sucker ”’ covered 
with small conical spines, which also occur in two posterior cusps; laterally 
there is a pair of unarmed saccular outgrowths; to the left of the sucker, 
near its posterior edge, is an unarmed pore (? possibly leading to the vagina) ; 
15 testes ; vitellaria extend about halfway along haptor; egg 200u x 504, 
with polar filaments, each 150, long; species related to MW. ditrematis, though 
differing in detail of genital atrium; a tabular comparison is given for this 
and the following related spp.:—M. elegans, M. sebastis, M. hiatulae, 
M. australiensis, M. bassensis and M. temnodontis Sandars, 1944 (the 
first mention of this sp., description ‘“‘ in the press °—Sandars, 1944 6). 

M. pogoniae MacCallum, 1913. 

MacCallum, 1913, 391-394, 401, figs. A a-e; 1915, 71: on the gills of 
Pogonias cromis, ‘sometimes in such great numbers as to menace the life of 
the host’; haptor sagittate and containing only a few vitelline follicles at 
the anterior end ; c. 54 clamps on each side, in two rows on each side for about 
the first two-thirds of the length, beginning with two small clamps, these 
eradually increasing in size towards the middle and again decreasing posteriorly 
(max. size 200 1 x 150); oral suckers bilocular, the inner and larger loculus 
deeply indented on its median border, and the cavity fringed by a large 
number of minute spines; c. 75 testes; genital atrium unarmed; eggs 
with the posterior end rounded, and one very long (anterior) filament— 

¢ size 120u-150u x 50y-60u; vagina unarmed; Meserve, 1938, 51: as a 
valid sp. 

Mu. polynemi MacCallum, 1917. 

MacCallum, 1917, 68, fig. 33: on the gills of eis auratus from Batavia, 

S Java; Meserve, 1938, 51: as a valid sp. 
M. pomacanthi MacCallum, 1915 ; emend. 
MacCallum, 1915 a, 73-77, figs. Ca-c: (as M. pomocanthi) on the gills of 
Pomocanthus arcuatus (sic), Chaetodon ocellatus, C. capistratus, Calamus 
_acutifrons, Anisotremus virginicus, Epinephelus flavolimbatus and Harpe rufa 
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from the New York Aquarium. The microcotylids from these seven hosts are- 
tentatively united as one sp. on the grounds of great similarity, except for 
some variation in size. The numbers of clamps and testes (as MacCallum is 

herein the first to point out) vary with the age of the worm—he has compared 

worms of all sizes on the gills of the same host and finds similar variations. 

En passant, he notes that the four spp. of Goto, “MW. caudata, M. sebastes, 
M. elegans and even M. stenotomi,” have differences little more than these. 

Size-range of the present species: 3:-5-4-5 mm. x 0-6-0-7 mm.; haptor 
with 25-36 clamps on each side, each 50, wide; vitellaria barely 

enter the haptor; oral suckers septate but unarmed; genital atrium just 

behind the intestinal bifurcation, subspherical, with thickly scattered back- 

wardly projecting spines; male aperture guarded by two groups of 
10-12 similar short spines; ovary elongated and coiled “ ?”’-shape ; 

receptaculum seminis elongated oval; vaginal pore (? unarmed) with a. 
moderately long median canal and slightly longer confluent lateral vitelline 
ducts—their median duct about as long as the vagina; eggs—one or 

two present at a time in the uterus—120y x 80, with a stout anterior 
projection and a similar posterior one, which is here enormously extended 

as a fine coiled filament; 18-27 testes. It is remarked that this species. 
has been found in a great many aquarium fish, and that it is often fatal— 

the Chaetodontidae being particularly susceptible; Meserve, 1938, 51: 

as a valid sp. [It is probable that this is the species described by 

Linton (1907, 103-104, pl. 7, fig. 54) from Calamus calamus—as Microcotyle 

sp.]. The specific name is emended to WM. pomacanthi, since MacCallum. 
used the spelling of the mistaken name of the host |[=—Pomacanthus]. The 
emendation is justified by Int. Rules, Art. 19, Opinion 26. 


M. pomatomi Goto, 1899. 


Goto, 1899 a, 278-279, pl. 21, fig. 27: on the gills of Pomatomus saltatrix 
from Newport, Rhode Isl., U.S.A.; c. 70 clamps on each side of the haptor ; 
50 testes; genital atrium in front of intestinal bifurcation, spacious, with 
recurved spines 13-16 long; eggs lacking; MacCallum & MacCallum, 
1913, 230-231: tabular data; Linton, 1940, 18-19, pl. 16, figs. 216-218: 
on the gills of Pomatomus saltatrix from Woods Hole region ; identifies his: 
previous descr. of Microcotyle sp. (1901, 414, 451, figs. 299-306) with this sp. ; 
90-100 clamps on each side; c. 50 testes, many irregularly lobed ; clamps. 
said to be in two or more rows, or even four abreast near their origin ; 
[cf. MacCallum’s descr. of M. pogoniae—this appearance is thought here to- 
be deceptive, due to plications in the haptoral margin; a similar crowding 
of clamps into bunches has been watched in M. donavini, only to assume- 
the normal single file when the haptor expands and lengthens again]; each. 
clamp 60-704 wide; eggs, “ exclusive of filaments,” 170-240 x 50-80, 
Meserve, 1938, 51: as a valid sp. 


M. poronoti MacCallum, 1915. 


MacCallum, 1915 a, 72-73, figs. Ba-c: on the gills of Poronotus triacanthus — 
at Woods Hole, Mass., U.S.A.; 6 mm. long and 1 mm. in max. width, with the 
haptor accounting for about a third of the length ; c. 60 clamps on each side,. 
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each c. 504 wide; vitellaria extending about halfway down the haptor, 
and the anterior part of the haptoral frill apparently free from the body 
and overlapping the last quarter of the testicular zone; c. 32 testes; genital 
atrium cup-shaped, covered with small spines; behind it the unarmed 
rather muscular cirrus, which is flanked by a paired group of c. 15 spines ; 
ovary in the form of a low arc in the middle of the body; one or two eggs 
in the uterus which have short stout polar prolongations [the measurements 
given are obviously quite wrong, both for the egg and its filaments—nor have 
these digits been interchanged if the figure is representative (there is no scale 
to fig. B b.)]; Cooper, 1915, 182-186, pl. 1, figs. 1-5: on the same host from 
Canada; clamps 35-45 on each side, and in a larger worm 65; genital 
atrium with lateral chambers; Meserve, 1938, 51: as a valid sp.; Linton, 
1940, 18, pl. 16, fig. 215: on the gills of Poronotus triacanthus from the Woods 
Hole region; oral suckers slightly unequally bilocular, the inner loculus 
the larger—70 « 100; clamps measure 54u x 90yu;° genital atrium 
figured as a spacious ovoid, covered with minute spines. 
M. priacanthi Meserve, 1938. - 

Meserve, 1938, 52-53, pl. 6, figs. 30-32: on the gills of Priacanthus sp. 
from Hood Island, Galapagos Isles; about 100 clamps on either side of the 
haptor ; genital atrium enclosing a cup-shaped organ, and bearing 28 spines ; 
11 testes in a single row; cf. with the following spp. :—. erythrini, M. sargi, 
M. mormyri, M. chirt and M. sciaenae. 

M. reticulata Goto, 1894. 

Goto, 1894, 189-191, pl. 1, fig. 5, pl. 3, figs. 2-4, pl. 4, figs. 2-3, pl. 5, figs. 
5-6: on the gills of Stromateus argenteus from Mitsugahama, Japan; total 
length 6 to 10 mm.; haptor very slightly asymmetrical and slightly more 
than half body length—the clamps smaller and more numerous on the right 
side than on the left (42 and 23 respectively )—this is not immediately noticeable, 
as the rows are of equal length (each 75 to 227 u wide). [This is a transitional 
condition to the characteristic feature of Lintaxine cokeri, but until more is 
known about the latter genus, M. reticulata must be retained in the present 
genus, in spite of the aberrant intestinal reticulum, as the morphology of 
the intestine is not described or figured for L. cokeri]; oral suckers aseptate ; 
intestine without delimited lateral trunks, but forming a very fine reticulum 
over the whole of the body [cf. Hexostoma, which alone shows a condition 
comparable with this in Monogenea]; testes very numerous, 200 or more, 
surrounded by the vitellaria, the frill-like haptor reaching about Peasy, 

v7 up the testicular zone; genital atrium behind the “ bifurcation” of the 
intestine, with short ehatead spines having hemispherical bases and 16 yu long ; 
eggs unknown; MacCallum & MacCallum, 1913, 230-231: tabular data— 
containing an erroneous description of the genital atrium; Meserve, 1938, 52: 

as a valid sp.; Sandars, 1944 a, 72, cf. MW. scorpis and M. seriolae. 

_M. salpae Parona & Perugia, 1890. 

Par. & Per., 1890 c, 207, pl. 5, fig. 34: on the gills of Box salpa at Genoa 
- (March); 48 Seanips on each side, each 70 n < 56; oral suckers 136 uw x82 p ; 
: vaginal pore unarmed; genital atrium with a crown of radially-disposed 
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uncinate spines, each 28 p, the circle being incomplete behind; in front of 
these a closely adpressed bundle of about 12 spines with incurved bases 
[? =penis]; eggs unknown; MacCallum & MacCallum, 1913, 228-229: 
tabular data ; Meserve, 1938, 52: asa valid sp. 

M. sargi Parona & Perugia, 1889. | 

Par. & Per., 1889, 744; 1890 a, 63; 1890c, 188-190, pl. 3, figs. 1-7: on 
the gills of Sargus rondeletii, S. vulgaris and S. annularis—abundant during 
Aug. to Oct. (but not so frequent on S. rondeletii) from the Gulf of Genoa 
(in Par. & Per., 1894, it is also reported from S. salviani) ; 60-70 clamps on 
each side, but these diminish in size towards the end of the haptor (max. 
width 78, min. 28); oral suckers 98 x 56, non-septate, but with a. 
large number of small papillate spines round the aperture; genital atrium 
with an outer circle (incomplete behind) of long uncinate spines—22, each 
42 4 long—and a small internal group only 14y long; vaginal pore with 
a circle of minute spines ; eggs with a very long anterior filament and a shorter 
posterior one ending in a trifid anchor; eggs 1824 x 70y; Stiles & 
Hassall, 1908, 305: give a ref.—Par. & Per., 1890, 4, 7, ll—as WM. sargii ; 
and this spelling is repeated by Braun, 1890 a, 514 ; MacCallum & MacCallum, 
1913, 228-229: tabular data; Meserve, 1938, 52, 53: as a valid sp. and 
cf. with M. priacanthi. 

M. sciaenae Goto, 1894. 

Goto, 1894, 194-196, pl. 2, figs. 6, 6 a, pl. 6, fig. 2: on the gills of Sciaena sina 
at Mogi, near Nagasaki, Japan ; haptor asymmetrical, being bent at an angle 
to the body [? artifact], with 75 clamps on the right and 60 on the left side ;. 
oral suckers septate ; genital atrium with two circles of hooks, the outer and 
longer slightly sigmoid and embedded in the mesenchyme (110, long), 
and the inner strongly curved, at the mouth of the muscular pouch ; 
20-27 large testes; vaginal pore unarmed; intestinal crura not branched 
inwards on their prolongations into the haptor; eggs unknown; [non 
M.sciaenae Murray, 1931, 505: syn. of M. sciaenicola Murray, 1932 (renamed)] ;. 
Meserve, 1938, 52, 53: as a valid sp., cf. with M. priacanthi. 

M. sciaenicola Murray, 1932. 

Murray, 1931, 505, pl. 21, fig. 9, pl. 22, fig. 14: (as M. sciaenae—non 
M. sciaenae Goto, 1894) on the gills of Sciaena antarctica from Moreton Bay,. 
Queensland, Australia; long tapering haptor with c. 46 clamps on each 
side; oral sucker (?) non-septate, narrow ; c. 70 testes—irregular follicles ; 
vagina short with unarmed pore; genital atrium figured as two narrow and 
laterally extended pouches without spines; Murray, 1932, 448: recognizes 
the homonym, and creates nom. nov. J/. sciaenicola for M. sciaenae Murray, 
1931; Meserve, 1938, 52: as a valid sp. 

M. scorpis Sandars, 1944 a, 71-72, figs. 8-10: on the gills of Scorpis aequipinnis 
from Safety Bay, W. Australia; total length 2:68 mm., with a wide body 
not distinctly separated from the haptor, which is 0-83 mm. long, bearing 
34 clamps on the right and 20 on the left side (each 37 » x 62); oral suckers. _ 
without septa (624 x 70); 32 testes, transversely elongated and irregular 
by mutual pressure ; genital atrium oval, with circlet of longish, inwardly- 
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curved spines; vitellaria extending 0-44 mm. into the asymmetrical haptor. 
Considered to be nearly related to M. seriolae and M. reticulata, with which 
it is compared in tabular form. 


M. sebastis Goto, 1894. 


Goto, 1894, 187-188, pl. 1, figs. 2-3, pl. 3, fig. 1, pl. 4, figs. 1, 4, 5, pl. 6, 
fig. 1: on the gills of Sebastes spp. from Hakodate, Japan; total length 
5-5 mm.; haptor 1-83 mm. (into which vitellaria do not extend), bearing 
29 clamps on each side, decreasing in size posteriorly—68 » to 128; oral 
suckers septate ; genital atrium slightly in front of the intestinal bifurcation, 
with conical slightly curved spines, the longest c. 17 1 ; vaginal pore unarmed ; 
c. 40 small testes ; eggs unknown; MacCallum & MacCallum, 1913, 230-231 : 
tabular data; Yamaguti, 1934, 268-269: on the gills of Sebastodes schlegeli 
from Matu Bay, Japan; 26—28 clamps on each side (two specimens compared) ; 
on the structure of the clamp skeleton he adds: “ the shorter median piece 
[=the end of the median spring] . . . bifurcates into widely diverging points 
and is not provided with a dagger-shaped terminal piece, as described by 
Goto. If errors of observation be excluded on the part of the original author, 
the specimens at my disposal should represent a distinct species, because 
such an important difference in structure of the framework of the posterior 
suckers [=clamps] is not to be regarded as an individual variation ” ; 
oesophagus apparently provided with lateral branches (but not according to 
Goto); the median antero-dorsal recess of the genital atrium penetrates 
into the pre-atrial bulb, but the spines within it are slender, not conical 
(vide Goto, pl. 6, fig. 1); 36-43 testes; oral suckers 57 u-60; Bonham & 
Guberlet, 1937, 281-290, pl. 1, figs. 1-10, pl. 2, figs. 11-14: on the gills of 
Sebastodes maliger, S. caurinus and S. melanops, also Ophiodon elongatus 
from Puget Sound; the second host showed a 90% infection (from 
more than 50 fish), burden up to 115, with a mode at 3-4, but from the 
third host only 5 out of 20 infected, with 1-4 in each; length 
3-146 mm.—one 5:8x1-1 mm., with 31 clamps on each side; _ oral 
sucker septate, 88 » (60-100 x) x 76 u (54-95 n) ; 30 (23-31) clamps on each 
side: max. width 104» (88-117); 32 (21-48) testes; genital atrium with 
150-200 spines (largest 12 4); egg 2404 x 65, with a short posterior and a 
long anterior filament; full morph. description of clamp skeleton [though 
without discussing homologies with other types|—as a condensation in the 
prismatic fibres which line the capsule—(loc. cit., pp. 282-283). During 
egg-laying the vitelline material was seen to pass through the vitello-intestinal 
canal, up the right intestinal crus and down the left, there often being enough 
yolk (surplus) to fill both crura as far as the ovary. This material is 
said to be transformed into the black granules. If a worm is taken from 
the gill when not laying eggs, it is seen to vomit the red blood-cells which 
had been ingested from the host. These authors also describe a skeleton 
condition in the clamps, which is midway between those described by Goto and 
Yamaguti, thus confirming the specific determination of the latter’s speci- 
mens. The dorsal arm of the spring has a terminal dagger-shaped piece 
attached to the moderately divergent ends of the spring itself; Meserve, 
1938, 52: as a valid sp. 
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M. seriolae Yamaguti, 1940. 


Yam., 1940 (31), 51-53, figs. 14-16: on the gills of Seriola aureovitiata 
from Tarumi, Japan (in Aug.); total length 4:1 to 85 mm.; haptor 
(1-75 to 3-5 mm.) markedly asymmetrical, with the left side only half the length 
of the right side, which reaches to the anterior level of the testes; clamps: 
of graduated sizes and much more crowded on the short side—36—120 wp 
wide, 45-47 on one side and 39-42 on the other; but in an immature 
specimen, though the haptor was just as asymmetrical, there were 26 on 
both sides; spring of clamp with widely divergent ends, but carrying no. 
terminal piece; 80-110 testes; genital atrium unarmed; vaginae lateral 
and parallel, uniting transversely at the unarmed pore; eggs, 105-132 x 
63-72, in life, with one very fine long filament only; in the uterus of one worm 
were 14 eggs; [this is a transitional species to the genus Heteraxine, but as 
the clamps are so nearly equal in number and size it is arbitrarily retained 
in the genus Microcotyle]; Sandars, 1944 a, 72: cf. M. reticulata and M. scorpis. 


M. sillaginae Woolcock, 1936. 


Woolcock, 1936, 84-87, fig. 2a, pl. 3, fig. 7: on the gills of Sillaginoides 
punctatus from Port Phillip Bay, Victoria, Australia; about 4 mm. long, 
with a symmetrical haptor encroaching on the body for about half the length ; 
c. 32 clamps on each side, each 50—70 » wide—the clamp-spring bearing a spike- 
shaped piece between its dorsal divergent ends, which are pointed; oral 
suckers 80u xX 40p, septate by a longitudinal lamella having minute 
spicules ; two short flask-shaped vaginae open separately in unarmed pores ; 
no dorsal suckers; genital atrium unarmed; penis 27 (plus papilla) ; 
11 testes ; Meserve, 1938, 52: as a valid sp. 


M. spari Yamaguti, 1937. 


M. spinicirrus MacCallum, 1918. 


Yam., 1937 (19), 21-25, pl. 5, figs. 35-36: on the gills of Sparus longispinis | 
at Tarumi, Inland Sea, and on the same host from Benten-Zima, Japan ;. | 
c. 56 clamps on each side of the haptor, only the anterior third of which 
contains a few vitelline follicles accompanied by the ends of the crura; 
c. 12 testes; genital atrium unarmed; vagina simple, with unarmed pore; 
egg, with polar filaments, 225. « 72 in life; nearest to M. australis, but | 
differing chiefly in the terminal genitalia ; Meserve, 1938, 52: as a valid sp. | 


MacCallum, 1918, 95, fig. 50: on the gills of Aplodinotus grunniens from 
the New York Aquarium ; said to have caused the death of the host ; average 
length (highly variable) 5 mm.; 80-90 clamps [fig. shows 58 and 47 on the 
margins]; oral suckers 70 x 33; 40-50 testes; genital atrium with an 
arc of 54 hooks; vaginal corona descr.; haptor c. a third the length of 
the worm; Bangham & Hunter, 1936, 334-335, figs. 1-7: on the type host 
(on 5 out of 45 fish) from Lk. Eerie; worms 2-3 to 2-5 mm. long, with 80-90: 
clamps on each side, each 60, x 80,4; oral suckers 60p x 66p (with 
minute spicules in the floor) ; 35-45 testes ; genital atrium with 50-70 hooks, 
and just behind it the cirrus with a cone of 15 heavy incurved hooks; no: 
hooks found on the vaginal pore; Remley, 1936, 535: ° abstract of paper 
describing the life-history of WM. spinicirrus—the larva of which hatches. 
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with three bands of cilia, in 7-11 days; haptor with 14 hooks; two large 
pairs [=anchors] and six small pairs [=marginal, larval hooklets}]; larva 
negatively phototropic while swimming ; Remley, 1942, 141-155, figs. 1-14: 
full descr. of life-history ; larval haptor, together with the anchors, is lost 
by the time 20-30 clamps have developed in front of it; at first these are 
rapidly formed in the region of the junction of the haptor with the body— 
its anterior edge; size-range 0-4 mm. to 13 mm.; demonstrates that the 
cuticularized parts are not positive to chitin test; also that a number of 
Specific criteria among microcotylids will have to be revised, including the 
numbers and sizes of cuticularized parts and eggs. The previous authors’ 
data were included in the size-range of the present collection; haptor usually 
c. two-fifths of the total length, and in larger forms with c. 100 clamps on 
each side; excretory system with two long collecting-vessels on each side, 
which converge near the genital atrium and open dorsally in pores—there 
is no vesicle; 25-40 irregular testicular follicles; genital atrium posterior 
to intestinal bifurcation, with an oval ring of 70-80 hooks, and at its base 
the penis—cone of heavy recurved hooks (14-18); vagina figured with a 
circle of spines (J. c. fig. 1), with a short duct leading to the “ vitelline space ” 
(sperm has been seen in the descending vitelline ducts); genito-intestinal 
canal on the opposite side to the vagina ; egg with a short filament (crooked) 
anteriorly, and a very long one posteriorly—variable in size; large worms 
have eggs 2404-250. long (Bangham & Hunter give 220-230, long) ; 
Simer, 1939, 578: characters emend. from material on the same host taken 
in Lower Tallahatchie River, N. America; Linton, 1940, 21-22: reports 
it on the same host from Fairport, Iowa ; body 2:8 mm. long, haptor 1-3 mm. ; 
oral suckers 70 x 33; length of atrial hooks 40,4; cirrus-hooks 36 yp ; 
c. 50 clamps on each side of the haptor (60u « 80); egg 240u x 70u; 
Bangham & Venard, 1942, 35: record on A. grunniens (on 4 out of 13 fish) 
from Reelfoot Lake, Tennessee. 
MM. stenotomi Goto, 1899. 

Goto, 1899 a, 279-281, pl. 21, fig. 28: on the gills of Stenotomus chrysops 
from Newport, Rhode Island, U.S.A.; 2-5 mm. long; haptor c. a third of 
the length of the worm, with 40 minute clamps on each side; 12 testes; 
genital atrium at the intestinal bifurcation, lined with conical spines 4-5 p 
long ; MacCallum & MacCallum, 1913, 230-231: tabular data; MacCallum, 
1914, 340-341: on the details of the egg-laying process; Meserve, 1938, 
52: asa valid sp.; Linton, 1940, 19-20, pl. 16, fig. 219: body 2-94 mm. long, 

& plus haptor 0:98 mm. long, with c. 48 clamps on each side, each 
36u xX 45u; 12 testes; egg “210 x 560u” (sic—the latter figure is 
probably a tenth of this); a large vitelline reservoir is figured slightly over- 
lapping the anterior edge of the ovary, but is not described. 

M. suzuki Ishii & Sawada, 1938; emend. 

Ishii & Sawada, 1938, 244-245, pl. 4, fig. 4: (as Wicrocotyla s.) on the gills 

of Lateolabrax japonicus from Japan; haptor shown to be nearly parallel-sided, 
- with 21-24 clamps on each side, each 50-661 wide; oral suckers 40-48 p ; 

30-33 testes; small receptaculum seminis present; genital atrium with 
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20 spines in a circle; total length 4-55-5-6 mm.; similar to M. caudata,. 
but differs in genital spines, number of testes and presence of receptaculum: 
seminis. 


M. tai Yamaguti, 1938. 


Yam., 1938 (24), 31, pl. 4, fig. 20, pl. 5, figs. 21-22: on the gills of Pagrosomus 
unicolor from the Inland Sea, Japan ; haptor with 38-60 clamps on each side ;. 
22-37 testes ; vaginae—two pores at lateral corners of a ring of 10 spines, 
each 10 1 long ; said to be nearest to M. pagrosomi. [There is a very striking 
resemblance between this sp. and M. ichimidai, which was described by Ishii & 
Sawada in the same year, apparently in ignorance of Yamaguti’s sp.]. 


M. tanago Yamaguti, 1940. 


Yam., 1940 (31), 49-50, fig. 13: on the gills of Ditrema temmincki from. 
Tarumi, near Kobe, Japan; total length 2-38 mm., with a haptor of about 
a third of the length, bearing 25 clamps on each side, each 38-72 1 wide— 
the skeleton of the clamps said to lack the dorsal piece on the spring, 
together with any additional pieces which are often found at the end of the 
tendon in this genus; oral suckers septate near the middle, 42 x 483. 
oesophagus with a pair of latero-anterior diverticula ; c. 14 testes ; “‘ approxi- 
mately reniform” genital atrium at the level of the intestinal bifurcation, 
covered on the inside with exceedingly short spines ; genito-intestinal canal 
on the right ; vagina saccular and oval, with a single duct, until it joins the 
transverse vitelline duct; “‘... differs from the closely related M. cepolae 
in the number of testes, absence of pre-atrial bulb, the saccular vagina, etc.” 


M. temnodontis Sandars, 1944. 


Sandars, 1944 a, 71: mentioned in comparison with I. pentapodi; total 
length 2-72 mm.; haptor 0-72 mm. long, bearing 55 clamps (each 
16 X 320y[sic!]); vitellaria extending into haptor for 0-08 mm.; oral 
suckers without septa; genital atrium unarmed; 21 testes. 


M. toba Ishii & Sawada, 1938 ; emend. 


Ishii & Sawada, 1938, 239-240, pl. 1, figs. 7-8: (as Wicrocotyla t.) on the 
gills of Siganus fuscescens from Japan; haptor with 23 clamps on each side,. 
each 70-1004 wide; oral suckers, apparently aseptate, 75 x 38-75; 
haptor about two-fifths of the total length, and exceptionally separated 
off from the body proper, which is expanded laterally into an ovoid, from 
the level of the vagina to the end of the testes and beginning of the haptor ; 
spring of clamp with a small terminal piece on the dorsal ramus; very wide 
genital atrium with reniform opening, with c. 200 conical recurved spines, 
each 10-14y.; testes in five or six longitudinal rows—25-30 ; vaginal pore 
unarmed, leading to a short wide median duct, which joins the transverse 
vitelline duct (about halfway to the ovary) at the same level as the two 
lateral vitello-vaginal ducts are given off; resembles W/. hiatulae, but differs. 
in the number of testes, shape of ovary (here it has an extremely flattened 
‘S$ ”-shape—? partly due to the contraction of the body), the numerous side- 
branches to the crura, which do not enter the haptor, and other characters. — 


M. trachini Parona & Perugia, 1889. 


Par. & Per., 1889, 744-745: on the gills of Trachinus radiatus from Genoa; 
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length 11 mm., width 2-5 mm.; 1890 a, 63 ; 1890 c, 192-194, pl. 3, figs. 9-10, 
pl. 4, figs. 11-13: fuller descr. ; 1894, 136, 594, 595 : length-range 9-11 mm.;. 
haptor spatulate and only 1:3 mm. long, with 8-10 clamps on either side, 
which are very small in front and behind, and larger in the middle of the row— 
126 to 42m wide; oral suckers round, with reniform cavity, bounded by 
minute spines like papillae; vagina short, pore unarmed; genital atrium 
unarmed ; about four yellow eggs together in the uterus, 2104 x 60, with 
a short posterior and a longer anterior filament ; ovary spherical (fig. 12) ; 
St. Remy, 1892, 137, figs. 31-33; MacCallum & MacCallum, 1913, 228-229 : 
tabular data ; Meserve, 1938, 52: as a valid sp. 


M. truncata Goto, 1894. 


Goto, 1894, 191-192, pl. 2, figs. 1-2, pl. 3, fig. 6, pl. 5, fig. 7: on the gills of 
Pristupoma japonicum from Mitsugahama, Japan; a long and slender worm, 
3-3 mm., with a very short frill-like haptor, bearing only 10 clamps on each 
side, each 55-724 wide; testes numerous and irregular in shape and size 
(c. 75, from fig.) ; genital atrium at the intestinal bifurcation, armed with a 
circle of 20 very slender curved rods, each 130 long; vagina unarmed, 
goblet-shaped ; eggs unknown; MacCallum & MacCallum, 1913, 230-231 : 
tabular data; Ishii & Sawada, 1938, 247-248, pl. 4, fig. 7: on the gills of 
Parapristipoma trilineatum from Japan; haptor short, bearing 11 clamps 
on each side; 50-60 testes; genital atrium with 20-21 spines, each 24-72 
long; vagina unarmed; eggs 133 4 xX 83-5 u, with two filaments, the 
longer 668 » and the shorter 250; oral suckers 40-48 » x 34-44; Meserve, 
1938, 52: as a valid sp. 


M. victoriae Woolcock, 1936. 


Woolcock, 1936, 88-90, figs. 2 6, 3, 4a: on the gills of Helicolenus percoides 
from Port Philip Bay, Victoria, Australia; length-range 3-8-5-4 mm. (mean 
4-82 mm.) ; haptor c. a quarter of the length of the body and marked off from 
it, with 17-25 clamps on each side, each 50-80 wide; clamp-spring with 
spatulate ends, and dorsally a lightly cuticularized terminal piece con- 
sisting of a central spike and two short lateral divergent spikes; oral 
suckers septate, 80 < 100; no dorsal suckers; one crus of the intestine 
enters the haptor; 18-22 small rounded testes; single vagina opening as. 
an unarmed pore; genital atrium with spines, which are in separate groups 
posteriorly, 5-9 long; in the latter character, and in other points, the sp. 
differs from the nearly-related M. hiatulae; Meserve, 1938, 52: as a valid sp. 


M. virgatarum Tubangui, 1931. 


Tubangui, 1931, 114-116, pl. 3, figs. 1-3: on the gills of T'euthis virgata 
[=Acanthurus v.] from Manila, Philippines; similar to M. sciaenae 
Goto, except that it is not asymmetrical, but both the intestinal crura reach 
to the end of the haptor ; present sp. has larger number of clamps, 48-50 on 
each side, each 30 x 454; Meserve, 1938, 52: as a valid sp. 
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Addendum to the Genus Microcotyle. 


The following three genera have recently been erected, differmg from Jicro- 
cotyle in details of varying importance, but all having the characteristic micro- 
cotylid clamp-structure :— 

Microcotyloides Fujii, 1944. 

Fujii, 1944, 156: separates Microcotyle incisa of Linton from Microcotyle, 
mainly on account of the lateral position of the vaginal pore, and the atypical 
male terminal organs—cuticularized penis, prostatic bulb and_ prostatic 
reservoirs. In respect of the vagina, Microcotyloides bears the same relation 
to Microcotyle as Axine does to Aximoides—all four genera having both sides 
of the haptor equally developed, but the cuticular spine in the lateral vagina 
of Axine is lacking in Microcotyloides. 

Generic diagnosis.—Microcotylinae with characters of Microcotyle, except 
for the following characters of the genital organs: a single vagina opening 
laterally on the right margin; ootype well anterior to ovary ; a slender cuti- 
cularized penis with three rod-like pieces occurring between two tubular 
prostatic reservoirs which lead to a muscular bulb. 

Type species: Microcotyloides incisa (Linton, 1910) Fujii, 1944. 

MM. incisa (Linton, 1910) Fujii, 1944. 

Linton, 1910, 81, pl. 27, figs. 226-230: (as Mvcrocotyle 1.) on the gills of 
Neomaenis griseus from Tortugas, Florida; haptor shown to be like that of 
M. ditrematis, with nearly parallel sides, 7. e., the posterior pair of clamps 
are relatively wide apart; about 45 pairs of clamps (120 x 80); c. 24 
testes ; four large pigment-granules on either side of the oesophagus ; vaginal 
pore on the right margin; [Yamaguti, 1940, 49: pointed out that Linton 
had overlooked the proximal portion of the ovary]; egg 1804 x 70y, with 
two stout filaments not much longer than the body of egg; MacCallum & 
MacCallum, 1913, 232-233: tabular data ; Meserve, 1938, 51: as a valid sp. 
of Microcotyle; Fujii, 1944, 155-158, figs. 9-14: (as Microcotyloides 2.) 
redescription from fresh material from Lutianus griseus from Tortugas, 
Florida ; size, 3-7-4:8 x0-5-0-6 mm. ; haptor c. a third of body-length, with 
68-72 pairs of clamps (76-86 x 44-53), typically microcotylid, with a 
long lancet-shaped piece attached to ventral end of tendon; oral suckers 
septate (same size as clamps); testes 20 to 30; vas deferens turns dorsally 
and backwards near genital pore, enlarging into a muscular bulb and cirrus- 
sac; cirrus long and straight, with three cuticular pieces, and at its base 
open two rod-like prostatic sacs; atrium unarmed; vaginal pore on right 


margin, unarmed; eggs, 212-221 x 113-169, with a very long anterior » 


filament (c. 2-0 mm.) and a shorter posterior filament ending in a knob. 
Gonoplasius Sandars, 1944a, 77: the long generic diagnosis appears to contain 
only one character by which it can be distinguished from Microcotyle— 
the presence of masses of gland-cells in the anterior region of the body, 
more or less associated with the buccal cavity. 
Type and only species :— 


G. carangis Sandars, 1944 a, 75-77, figs. 15-19: on the gills of Caranx georgianus | 


from Rockingham, W. Australia ; total length 4-75 mm., but only 0-4 mm. 


) 
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wide ; haptor approx. one-sixth body-length, but wider than body, and thus. 
sharply demarcated from it, asymmetrical; 34 clamps on right and 17 on 
left side (anterior clamps 62,4 wide, middle 75, and posterior 50 ,) ; 
characteristic glandular structures occur on the anterior end of the body— 
a large semi-lunar pair on anterior lateral angles of head and an intermediate 
transversely oval one in the middle line, also two other glandular regions. 
on either side of the oesophagus, these masses all inter-connected by 
ducts. Oral suckers septate (150 x 62). A median excretory vesicle 
is said to be situated at 0-875 mm. from anterior end, and paired ducts are 
shown : this is almost certainly the vagina, for it is characteristic of Monogenea 
that the excretory ducts open separately on each side of the oesophagus in 
small ampullae. The pair of large and small suckers, fringed with minute 
teeth, of the dorsal side, 1-01 mm. from the anterior end, are apparently 
homologous with the dorsal suckers, associated with the vagina, described in 
M. centrodonti. Sandars does not mention a vagina in her descriptions, so 
that it is almost certain that she has mistaken this for the excretory vesicle 
and ducts. The genital atrium is large and sac-shaped, with rounded 
muscular pads on the anterior lateral angles, bearing five small spines and 
five much larger spines directed inwards, and behind them two lateral groups 
of minute spines. At the posterior end five small spines occur on a muscular 

' boss. No eggs were found. The generic characters are said to include this 
complex genital atrium, but a similar structure occurs in Microcotyle 
heteracantha, M. pancerii, etc., in which groups of different-sized spines occur, 
and there are other species in which the partition of the genital atrium is 
more complex than in G. carangis. 

Diplasiocotyle Sandars, 1944. 

Sandars, 1944a, 79: the generic definition supplies only the following 
haptoral features which serve to separate it from Microcotyle :—relatively 
few pairs of large clamps and the occurrence of a minute pair of terminal 
clamps. 

Type and only species: D. johnstoni Sandars, 1944. 

D. johnstoni Sandars, 1944 a, 77-81, figs. 20-32: on the gills of Agonostomus forstert 

from Mandurah and Bunbury, W. Australia; total length 5-9 to 6-47 mm., 

max. width 0-83 to 0:94 mm.; haptor 1-77 to 1:94 mm. (c. a third of body- 

length), into which vitellaria enter for 1-50 to 1-56 mm., and bearing only 

seven pairs of relatively very large clamps on long stalks, also a terminal 

pair of a fifth their size (ant. pair 425 x312 uw, middle 437 «312 u, penultimate 

{ ¢ pair 375 x 250 p, last pair 250 x 187 », and the minute terminal pair 62 44 4); 
- the sclerites are typically microcotylid and the slightly bifurcate ventral end 
7 of the tendon bears an oblong terminal piece; oral suckers non-septate, with 
minute teeth along inner margins (137x109); 22 testes in posterior half 

7 of body proper; genital atrium with a circlet of 15 spines, and two lateral 
- ares of nine and seven spines (which have rounded bases). A pair of dorsal 
* suckers occurs at 1-125 mm. from anterior end (75 pw diam.), but no associated 
vagina is mentioned. As many as six eggs were found in the uterus at one 
time, bearing a hooked filament at the abopercular pole, slightly longer than 
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the egg. Eggs were induced to hatch in 19 days, and an elongated ciliated 
larva emerged similar to that of M. spinicirrus, as described by Remley 
(1942), except that it is more distinctly constricted into three regions. In later 
stages it becomes more elongated, and the haptor bears two pairs of anchors 
and three pairs of small hooks. Young worms were found on the gills of 
fishes—the smallest being 0-687 mm. long, of which the developing haptor 
accounted for 0-312 mm., now bearing four pairs of clamps and two developing 
pairs—the larval haptor with its hooks and anchors apparently having been 
already lost. 
Gotocotyla Ishii, 1936. 

Ishii, 1936, 781-789 : created for those species of Microcotyle which retain 
the anchors on the end of the haptor in adult life. 

Generic diagnosis.—Microcotylinae with the characters of Microcotyle, 
except that the anchors are retained on the end of the body in adult life. 

Type species: Gotocotyla sawara Ishii, 1936. 
G. sawara Ishii, 1936. 

Ishii, 1936, 781-789, figs. 11-12: on the gills of Sawara nipponica from 
Japan; Ishii & Sawada, 1938, 241-242: redescr.; size-range, 10-12 mm. X 
0-75-0-85 mm. ; haptor bearing 140 clamps on each side, each 166 X 66; 
anchors (one pair), borne on a short terminal lappet, measure 249 yw long ; 
a single dorsal sucker occurs at about the level of the intestinal bifurcation, 
and is about 266 » in diameter; bar-shaped penis 255 » long and 
surrounded by numerous short spines ; eggs 216 u xX 49», with two filaments. 

G. acanthocybii Meserve, 1938. . 

Meserve, 1938, 53-55, pl. 6, figs. 33-36: on the gills of Acanthocybvum 
solandri from the Galapagos Islands; haptor with a total of 223-245 clamps 
in two rows; the clamp-skeleton is said to contain “ 15 pieces,” similar to 
those of T’horacocotyle ; [the clamp-skeleton requires further investigation in 
this sp. and in G. elagatis, and this will probably lead to their removal to 
another genus. They are retained here provisionally]; no vagina is mentioned, 
but the genital atrium is globular with several hundred spines; vas deferens 
dorsal to the uterus, opening at the flattened tip of the globular papilla, which 
projects into the cavity: “this papilla may be the homologue of the cirrus 
of other forms”; 53-85 testes; eggs 140-208 x 52-84, with a long 

- filament at each pole—up to 47 found together in the uterus; said to differ 
from G. [Cemocotyle] carangis and G. acanthura “in the number and 
arrangement of the posterior suckers and genital spines”; only one pair of 
anchors present. 

G. acanthura (Parona & Perugia, 1896) Meserve, 1938 ; emend. 

Par. & Per.. 1896, 2, figs. 1-2: (as Wicrocotyle acanthurum) on the gills of 
Brama rayi from Genoa; 10 mm. long and 1 mm. in max. width; haptor 
with 60 clamps on each side and one pair of terminal anchors; genital 
aperture with a crown of bent hooks, 14 1 long, and a second portion covered 
with spines ; the area of the whole atrium is 210 x 1104; eggs with two © 
polar filaments; MacCallum & MacCallum, 1913, 231-233 (as Microcotyle 
acanthurum): tabular data; Sprehn, 1933, 30: citation (as Microcotyle a.) 
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for N. Sea area; Meserve, 1938, 55: (as Gotocotyla acanthurum) cf. with 
G. acanthocybii. Dr. Baylis (personal communication) points ‘out that for 
grammatical agreement the sp. name should be acanthura. 

G. elagatis Meserve, 1938. 

Meserve, 1938, 55-56, pl. 7, figs. 37-40: on Elagatis bipinnulatus from 
Bahia Honda, Panama: haptor bearing 90-100 clamps, each said to be 
composed of 22 pieces [the figure is in profile and it is difficult to make out 
the homologies of the parts, so that like G. acanthocybii the species may belong 

to a separate genus, though it is retained here provisionally]; one pair of 
anchors present; no vagina mentioned; vitellaria only reach to the mid- 
testicular region ; oral suckers septate, and crura found to be separate, with 
no posterior confluence; genital atrium with numerous straight rods in a 
circle ; several hundred testes, elliptical and closely packed in the posterior 
third of the body ; no eggs found. 
Pyragraphorus, gen. nov. 
Genus created for Microcotyle pyragraphorus MacCallum & MacCallum, 
on the basis of the highly modified clamps on the proximal extension of the 
haptor : name from the fire-tong-like appearance of the modified clamps. 


Figures 102 a-c. 


t 

: a—c: Pyragraphorus pyragraphorus—a, Complete worm, ventral view; 6, One of the fire-tong-like 
4 . . . 

; clamps ; c, One of the typical microcotylid clamps (after MacCallum and MacCallum). 

; Generic diagnosis.—Microcotylinae, with the characters of Muicrocotyle, 


: except for the shape of the haptor and the presence of modified clamps. 
The haptor is horizontally disposed, with the appearance of a fish-tail. The 
distal half bears the normal two rows of normal clamps—except that their 

# dorsal loop is far-‘more developed and its halves nearly meet in the median 

line. The proximal half is (morphologically) an anterior extension of the 

_haptor proper, and bears two rows of clamps in which the dorsal (? or middle) 

loops are drawn out anteriorly into long handle-like bars—the “ stem” of the 
clamp. The spring is reduced and in two parts (or ? three ineffective 
sclerites). No additional sclerites are present, and anchors are probably 

; non-persistent, as they are in Microcotyle. (Monotypic.) 

Type species: Pyragraphorus pyragraphorus (MacCallum & MacCallum, 1913), 
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P. pyragraphorus (MacCallum & MacCallum, 1913), comb. nov. 


MacCallum & MacCallum, 1913, 225-227, 232, figs. A, Ba-b: (as Micro- 
cotyle p.) on the gills of Trachinotus -carolinus from the Atlantic Coast of 
U.S.A.; total length 40-54 mm. x 0-6-1-0 mm. max. width. The haptor 
has a transverse length of 1-6-2-6 mm. The more normal clamps of the distal 
half are c. 62 in each row, each 50-80 » wide, the tong type on the proximal 
half are in two rows of c. 40 each, and are 110, long and 50 wide. Oral 
suckers septate with a fringe of minute teeth, 110u x 50m; c. 20 rounded 
testicular follicles; an elongated club-shaped penis covered with spines 
with recurved tips—eversible ; a uterine pore described about halfway from 
the male pore to the ovary. The uterus narrows within, and at its base 
there is a densely-packed corona of spines, behind which is the spherical 
receptaculum seminis (Figs. 102a-c herein, copied from MacCallum & 
MacCallum’s original paper). The relationships of the terminal genitalia are 
probably incorrectly interpreted, and further study of this species is necessary. 
The generic diagnosis is, therefore, only a provisional one. 


Cemocotyle, gen. nov. . 


Genus created for Microcotyle carangis MacCallum, 1913, on the basis of 
the presence of modified clamps (different from those of Pyragraphorus) on 
one side only of the haptor. Name from «nyés—a muzzle, from the muzzle- 
like appearance of the modified clamps. 

Generic diagnosis.—Microcotylinae, with the characters of Mzcrocotyle, 
except for the haptor and its organs of attachment. The flat triangular 
haptor is separate from the body in that it contains no vitellaria or intestinal 
diverticula. On either side are rows of clamps, which on one side are continued 
on a flange projecting from the body (to halfway up the testicular zone). 
The clamps on the short side are of the normal type, but those on the long 
side show successive modification into the ‘‘ muzzle’ type found exclusively 
on the flange. In these latter, the halves of the ventral loop are elongated and 
incurved, and the halves of the middle loop and dorsal loop are also abnormally 
elongated and sigmoidally curved towards the halves of the ventral loop. 
There is a terminal lappet on the haptor, bearing two pairs of anchors not 
unlike those of Anthocotyle and Plectanocotylinae. 


Type species: Cemocotyle carangis (MacCallum, 1913), comb. nov. 
€. carangis (MacCallum, 1913), comb. nov. 


MacCallum, 1913, 394-396, 401, figs. Ba-f: (as Microcotyle c.) on the gills 
of Caranx crysos from N. America; total length 4-4 mm., width 0-8 mm. ; 
normal clamps on haptor proper, eleven in each row, measuring 40 X 30, ; 
muzzle-like clamps on the flange number c. 26, much larger but diminishing 
in size towards the anterior end of the row, 504 x 70. The anterior end 
of the worm expands from the intestinal bifurcation to a flat truncate end, 
in the middle of which is the pit-like mouth. The corners are occupied by 
the rounded oral suckers which are apparently aseptate and unarmed. The 
genital atrium is just behind the bifurcation and is a subtriangular cuticularized — 
area, bearing a central group of sharp conical spines and paired groups nearer 
the antero-lateral corners. At the base of the triangle is the unarmed muscular 
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penis. The uterine aperture is some distance behind the male pore, and is 
also armed with spicules in a wide oval ring. Behind this again is the vagina] 
pore (unarmed) on the dorsal surface. A receptaculum seminis is present 
a in the form of a pyriform diverticulum of the oviduct ; c. 60 testes in c. 4 
=" longitudinal rows. The outer pair of anchors (with bifid roots) is said to be 
29 u long and 2 wide, and the inner pair (with simple roots) “150 x 10,” 
but on comparing the figure of these, this unlikely measurement is shown 
to be a misprint. Eggs with two polar filaments, 110 x 304; Meserve, 
1938, 36 (as Gotocotyla c.). (Figs. 103 a-f herein.) 


Figures 103 a-f. 
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a-f: Cemocotyle carangis—a, Complete worm; 6, Genital bulb with spines; c, Middle region, to 
show genitalia ; d, One of the muzzle-like clamps from flange of haptor ; e. One of the typical 
microcotylid clamps; f, Terminal lappet with two pairs of anchors (after MacCallum). 
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Axine Abildgaard, 1794. 
Abild., 1794, 59-60: monotypic with A. belones [non Aaine of Oken, 
1835, a crustacean]; Dies., 1836, 307-310: renamed H. eteracanthus [non of 
Newberry, 1889, a fish]; Dies., 1850, 290, 424-425: as Azine Abild. (syn. 
Heteracanthus Dies.) ; 1858 e, 315, 385-386: as Axine; 1859 b, 444 (id. nom.) ; 
Vogt, 1878 a, 327-332 ; also 1879, 371-373 ; anat., esp. of reproductive syst., 
and considers that the genus should be united with Microcotyle, since the 
only difference is one of asymmetry; Lorenz, 1878 a, 405-436: considers 
Axine to be distinct from Microcotyle ; Montic., 1888, 11, 15, 34, 40, 52, 53, 
59, 60, 61, 66, 83, 86, 90, 101; 1893, 111; 1903, 336: in subfam. Axininae ; 
Goto, 1894, 3, 4, 9, 10, 13, 14, 16-22, 37-38, 44, 45, 46-47, 50, 52, 56, 57, 59, 
’ 67, 68, 75, 77, 78, 79, 90, 97-98, 99, 100, 104, 107, 109, 111, 115, 117-118. 
119, 121, 124, 125, 126, 129, 131, 138-139, 141, 143, 144, 146, 147, ‘154, 
(160-161, 162, 196, 201, 260-261: comp. anat., syst. and key : definition 
which comprises the present genera Awine, Heteraxine, 7 ta and 
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Lintaxine; Fuhrmann, 1928, 8, 9, 10, 12, 13, 15, 22, 30: comp. anat. ; 
Brown, 1929, 67: in review; Sprehn, 1933, 12 (in key); Yamaguti, 1938, 
36, 37, 39: divides the genus Azine into three subgenera, using the criteria 
of the distribution of the clamps on the haptor in conjunction with the 
position of the vaginal pore and the orientation of the ovary—Azie 
sensu stricto, Heteraxine and Axinoides. In view of the recent additions 
to this group, and the recent findings (p. 454, herein) on the orientation of 
the haptor in Axine belones, it is thought desirable that these subgenera 
be raised to generic rank, and a new genus, Lintaxine, has been created 
co-ordinate with them. Cestrocolpa Meserve, 1938, has been reduced to 
synonymy with Axine Abild., sensu stricto. 

Generic diagnosis.—Microcotylinae in which the morphological posterior 
end is lateral, and the nearly straight row of clamps, which are all of the same 
microcotylid type, is lateral or obliquely posterior. There is a suppression 
in the growth of the longitudinal axis of the haptor, bringing its morpho- 
logical posterior to the same level as its morphological anterior, and growth 
has continued laterally (the obliquity of the clamp row to the horizontal, 
being due to unequal growth on either side of the body, just anterior to 
the haptor). A single pair of anchors on an oval plaque of tissue (—larval 
haptor) is found embedded in the middle of the haptor margin, and on either 
side of this is a region of formation of new clamps. Both sides of the haptor 
(=clamp-rows) are nearly equally developed. Vagina muscular, passing 
obliquely across the anterior region of the body to open laterally in a pore 
bearing (usually) a single spine. Distal end of ovary directed forwards 
(opposite orientation to that in Microcotyle); genital atrium usually with 
three groups of spines attached to cuticular arcs, and the male pore similarly 
armed. 


Type species: Axine belones Abildgaard, 1794. 
A. belones Abildgaard, 1794. 


Abild., 1794, 59-60, pl. 6, figs. 3a—b: on the gills of Belone acus; Dies., 
1836 c, 310-313, pl. 17, figs. 1-2: as Heteracanthus pedatus—a re-naming 
of Awine bellones (sic) Abild., from the gills of Hsox belone collected by 
Kollar ; also (1836, 313, pl. 17, figs. 10-12) as a separate sp., H. sagitiatus, 
from the gills of the same host from Europe; Dies., 1850 a, 425: as 
A. bellones (sic) (syns. H. pedatus Dies. and H. sagittatus Dies.—no mention 
of Creplin’s sp.); Creplin, 18386, 83: creates a further new name for 
this sp., Aaine platyura; Crepl., 1839, 291 (as A. belones); van Beneden, 
1856, 649, figs. 14-21: on the gills of Hsox belone from Belgium ; 1858, 52-54, 
168; v. Ben. & Hesse, 1863, 116-117, pl. 12, figs. 19-27: (as A. orphit) on - 
the gills of Hsox belone [considered by St. Remy to be a syn. of A. belones] ; 
Lorenz, 1878 a, 405-436, pl. 31, figs. 1-2; Dieckhoff, 1891, 253-254: demon- 
strates presence of vitello-intestinal canal by section-cutting; St. Remy, 
1892, 138; 1898, 562-563; Scott, Th., 1911, 69, pl. 7, figs. 6-7: on 
Belone acus from Scotland; Vlassenko, 1928, 238, 239, 240: comp. anat.; | 
Plymouth Marine Fauna, 1931, 100: recorded on B. acus by Wm. Nicoll — 
at Plymouth; Baylis & Jones, 1938, 629: similar record—“ abundant 
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on several specimens”; Sprehn, 1933, 30. Three specimens of Belone acus 
a were caught by hook and line with mackerel inshore at Plymouth, in the 


iE autumn af 1940 and 1941, and all were infected (2 to 26 on the gills of each). 
. The length and total numbers of clamps of five measured specimens were: 
‘ y 5-2 mm. with 67 clamps, 6-13 mm. with 66 clamps, 6-8 mm. with 66 clamps, 
t 7-0 mm. with 85 clamps, 8-9 mm. with 85 clamps. The length of the 
anchors (not counting the upturned tip) was 26. Other details are shown in 


Figs. 104 a—c herein. 


Figures 104 a-c. 
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a-c: Azine belones—a, Complete worm, ventral view; 6, Genitalia in situ, ventral view: 
c, Morphologically anterior and posterior of the haptor (its middle region), showing six clamps 
in various positions, and two clamps in process of formation, below the surface, in the 
formative region [morphologically anterior]. The minute anchors [in the morphologically 
posterior region] are shown on a pad of tissue which probably represents the larval haptor— 
their musculature passes into the region between the ends of the crura—also a band of 
gland-cells is shown below the edge of the vitelline follicles (original). 
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A. constricta Yamaguti, 1938. 
uf Yam., 1938, 34-36, pl. 5, figs. 27-30: on the gills of T'ylosurus schismato- 
rhynchus from Lake Hamana, Japan; haptor lateral, bearing 55-58 clamps 
in a continuous row, with a much smaller rudimentary clamp at the anterior 
end of the series ; oral suckers septate near the middle ; 45-86 testes; genital 
atrium covered with 50-80 short outwardly-curved spines, each c. l5y; 
lateral vaginal pore wide and covered inside with minute papillae with 
radial muscles and an incomplete circle of 7-16 spines, 22-454 x 5-12 pn, 
b pedicellaria-like and having points with swollen bases; body markedly 
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constricted at the level of the vagina, hence the name; eggs fusiform, 
70-75 » in diam., with a long filament at the opercular pole and a short one 
at the other. 

A. cypselurt (Meserve, 1938), comb. nov. 

Meserve, 1938, 66-68, pl. 10, figs. 75-80: (as Cestrocolpa c.) on the gills of 
Cypselurus callopterus from Charles Isl., Galapagos Islands. [The description 
of the internal anatomy, particularly of the reproductive organs, is almost 
exactly the same as that given herein for A. belones, but owing to the somewhat 
vague description and figures extant for this species, the similarities were 
not recognised and a new genus was created, which was said to differ from 
Axine chiefly in the possession of a flask-shaped spine in the vaginal pore. 
Now that this condition has been shown to exist for the type species of Awine 
(Fig. 104 6), Meserve’s genus, at least, becomes a syn. of Aine s.s.]. The 
haptor bears 41 clamps. [No anchors are mentioned in this or other exotic 
spp., but it is possible that they have been overlooked, as they have been in 
A. belones for 150 years]. The haptor is on the right side of the worm— 
in all but one of the type species it occurred on the left side of the body. 
Oral suckers aseptate. The vaginal spine has a broad base tapering to a bifid 
tip. The genital atrium bears three groups of spines in the anterior region— 
a group of ten on each side [as in A. belones] and a complete circle associated 
with the penis in the posterior region of the atrium ; 62 testes, with smooth 
outlines, in three longitudinal rows in front, and behind more lobed, in a 
single row; Yamaguti, 1940, 54-56, figs. 18-20: (as Axine (Axine) cypseluri 
sp. nov.), on the gills of Cypselurus agoo from Hamazima, Japan ; [Yamaguti 
created this sp. in ignorance of Meserve’s Cestrocolpa cypseluri, and with 
the removal of the latter to Axine Yamaguti’s name becomes a homonym. 
As it so happens, however, both descriptions are sufficiently detailed to enable 
it to be seen that they are conspecific, so that there is no need to rename 
Yamaguti’s species]. His description includes the following data: haptor 
obliquely placed on the right side of the body, bearing 65-68 clamps, with 
one rudimentary clamp at the anterior end [as in A. constricta, ? representing 
a more generalized area of new growth than found in the Plymouth specimens 
of A. belones]; c. 30 testes, closely packed in two longitudinal rows ; 
vitellaria meeting across the middle line posterior to the testes; genital 
atrium with four sets of spines as in A. belones, but congregated close to 
the pore and surrounded by a dense mass of prostatic cells [a condition also 
obtaining, apparently, in A. belones, cf. Fig. 1046 herein]; cirrus with a 
circle of 13-15 spines, 15 1 long, and two lateral rows of 20 spines, 18 » long, 
and, behind, a muscular pad with a complete circle of 11-15 spines, 
18 » long [a similar structure occurs just in front in 4. belones]; funnel-shaped 
vagina on the right margin, the lumen having a very thick lamellar nodular 
body in the anterior wall, and the posterior wall with a large hollow spine, 
50-60 » long and 22-24 w wide at the swollen base, having a pedicellaria-like 
point directed outwards and forwards; no eggs found. [From the above it 
is seen that there is a great similarity between this species and A. belones, 
and extended knowledge may prove their conspecificity. ] 
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A. inada Ishii & Sawada, 1938. 

Ishi & Sawada, 1938, 242-244, pl. 3, fig. 3: on the gills of Seriola quin- 
queradiata from Japan. [This sp. appears to be in some ways transitional 
to Heteraxine, for the haptor shows an asymmetrical development of the 
sides]. The left side bears 80-100 clamps, and there are 5-6 smaller ones 
on the right side ; 50-90 testes; genital atrium with three groups of spines 
—a central area with about 40, and lateral areas with 28-30; ovary 
“C”-shaped, with the distal end directed forwards ; eggs 140-200 x 1004 
approx., with one filament only c. 140-200, long; vagina on left side, 
spindle-shaped and covered inside with numerous small spines and a single 
large strong spine at the pore, 60-67 p long. 

(?) A. triglae van Beneden & Hesse, 1863 (sp. inq.). 

v. Ben. & Hesse, 1863, 117: on the gills of Trigla hirundo at Brest ; Sprehn, 
1933, 31. This is said to be similar to A. belones, but it is larger and the 
haptor is directed to the left instead of to the right. The description is very 
inadequate and there are no figs., so that this must remain a sp. ing. until 
further material is available from this host. St. Remy, 1892, 139: accepts 
it as a valid sp. 

A. yamagutii (Meserve, 1938), comb. nov. 

Meserve, 1938, 69-70, pl. 10, figs. 81-85: (as Cestrocolpa y.) on the gills of 
an unidentified flying-fish from Clarion Isl., in the open sea off the Coast of 
Mexico. ‘“ This species differs from C. cypseluri in being over twice as long, 
and the region anterior to the vagina being narrower. Genital spines much 
fewer and the central group is an incomplete circle.” 75 clamps... “ these 
vary markedly in number and in arrangement of their skeletal parts” ; 
52 testes occur in two-thirds of the body length; vaginal spine is similar to 
that of [C.] cypseluri, though the base is wider and the stem is shorter ; herein 
placed in the genus Axine, sensu stricto. 

Axinoides Yamaguti, 1938 ; status emend. 

Yam., 1938, 39: as a subgenus of Aine Abild.; herein raised to generic 
rank. 

Generic diagnosis.—Microcotylinae, with the characters of Awine Abild., 
sensu stricto, except that the vaginal pore is mid-dorsal. 
Type species: Axinoides tylosuri Yamaguti, 1938. 

A. tylosuri Yamaguti, 1938. 

Yam., 1938, 37-38, pl. 5, figs. 31-34: (as Axine (Axinoides) t.) on the gills. 
a of Tylosurus schismatorhynchus from Koti, Japan; haptor lateral and 
% nearly vertical on- the left side, bearing 70 clamps [no mention of anchors. 
or rudimentary clamps to indicate the orientation of the haptoral flange, 
though the fig. shows a slight in-folding near the middle—corresponding to 
the position of anchors and formative zone in Axine belones—so that further 
examination in this region may reveal homologous conditions]. There are 
two prominent head lobes similar to those of A. aberrans ; 60-75 testes ; 
vagina median dorsal and funnel-shaped, with small dentiform spines 
within; above it a papilliform projection of unknown function; eggs 
elliptical, 150 » x 72, with two rigid polar filaments. (Figs. 105 a—d herein.) 
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A. aberrans (Goto, 1894), comb. nov. 


Goto, 1894, 198-199, pl. 7, figs. 5-6: (as Awine a.) on the gills of Belone 
schismatorhynchus from Hagi, Japan; total length 5 mm.; haptor with a 
straight clamp-row on the right side; c. 25 clamps, each 40-58 wide ; 
also a single clamp on the left margin of the haptor just round the 
angle; genital atrium, as well as the terminal portion of the vas deferens, 
armed with conical spines ; the mid-dorsal vaginal pore is armed with spines 
within it; Yam., 1934, 273-274; (as Awine a.) on the gills of Tylosurus 
schismatorhynchus (emend. name of type host of Goto) from Tarumi, Japan ; 
specimens taken alive measured only 1-50-72 mm. and 1-60-58 mm. 
(Goto’s material had been dead some time); 27-40 clamps in a nearly 
straight row; 16-25 testes; in the present material—probably younger 
worms—the vagina lies much nearer to the genital pore; Yam., 1938, 39: 
as Axine (Axinoides) a.; Meserve, 1938, 58, 62, pl. 9, fig. 59: (as Axine 
aberrans) on the gills of Tylosurus fodiater from Port Utria, Columbia, 


Figures 105 a-d. 


a-d: Axinoides tylosuri—a, Complete worm, ventral view ; 6, Terminal genitalia, ventral view ; 
c, Vagina and spine; d Clamp-sclerites (after Yamaguti). 


Pacific Coast of America; the figure here shows a very contracted worm, 
and the measurements are correspondingly lowered (given as 1-7—2-3 mm. 
long); otherwise said to be very similar to the types; herein designated as 
Axinoides aberrans (Goto). 


A. (?) gracilis (Linton, 1940), comb. nov. 


Linton, 1940, 22-23, pl. 17, figs. 228-230: (as Axine g.) on the gills of 
Strongylura marina from Woods Hole region, N. America;  size-range 
2-00-21 mm. to 5-20-45 mm. Clamps in a nearly straight row, 50-60 in 
number ; genital atrium unarmed ; 14—20 testes in a single file ; [no mention 
of vagina—it is tentatively assumed herein to be mid-dorsal, since, had it 
been lateral, its position would have most probably been indicated by a lateral 
notch in the fig.] | 


A. oligoplitis (Meserve, 1938), comb. nov. 


Meserve, 1938, 58-59, pl. 8, figs. 44-47: (as Axine o.) on the gills of : 
Oligoplites saurus from San Francisco, Ecuador; total length 1-8-1-9 mm. ; 
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haptor with asymmetrical sides ; apparently only a few clamps of the short 

side developed, though no anchors are mentioned nor an_ identified 

: formative region for new clamps ; 40-42 clamps on one side and 16-18 on the 

- other. The sp. is said to be very similar to A. aberrans, and the main differences 

_.- are that the genital hooks are arranged in two parallel groups, and the brain 
has two small extra lateral lobes slightly anterior to the main brain. In 
spite of the asymmetry of the clamp-rows, this sp. is provisionally placed 
in the genus Axinoides. With regard to asymmetry it occupies an analogous 
position to A. mada in the genus Axine. 

. Heteraxine Yamaguti, 1938 ; status emend. 

Yam., 1938, 37: erected as a subgenus of Axine Abild.; herein raised to 
generic rank for the reasons stated above. [Non Heteraxine of Linton, 1940: 
=Lnintaxine, q. v.] 


Figures 106 a-d. 
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a: Heteraxine heterocerca—a, Complete worm, dorsal view; 6, Clamp-sclerites (after Goto) ; 
se, H. triangularis—Complete worm (after Goto); d, H. chinensis—Genital spines, ventral view 


(after Yamaguti). 


Generic diagnosis.—Microcotylinae with the characters of Azine Abild., 
except that there is a marked difference in growth potential on the two 
you. xxv.—Parv tv. No. 35.—1946. 30 
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sides of the haptor. The main clamp-row becomes nearly transverse at the 
posterior end of the worm, and the short row faces obliquely anteriorly, 
but the morphological end of the haptor is still directed laterally. Apparently 
the larval anchors are non-persistent. The clamps in the long row tend to 
be graded in size, as is often found in Microcotyle (larger near the middle), 
and those of the short row are sometimes much reduced in size. The distal 
end of the ovary is directed backwards. The vaginal pore is mid-dorsal. 
Type species: Heteraxine heterocerca Yamaguti, 1938 ; comb. emend. 
H. heterocerca (Goto, 1894) Yamaguti, 1938 ; comb. emend. 

Goto, 1894, 197-198, pl. 7, figs. 1-4, pl. 8, figs. 1-5: (as Azine h.) on the 
gills of Seriola quinqueradiata from Hiroshima and Mitsugahama (Aug.) and 
from Misaki (Dec.), Japan ; posterior part of body and haptor asymmetrical, 
though a relatively long leaf-like body anterior to the testicular zone ; total 
length c. 10 mm. The clamps on the long side decrease in size towards 
each end, though the smallest is larger than any of the nine minute clamps on 
the short side of the haptor; Fuhrmann, 1928, 10, fig. 12: (as Amine h.); 
Yam., 1934, 273 (as Aaine h.): data from a small (younger) specimen from 
the type host at Tarumi, Japan: size-range, 3-28-3-75 mm. x 0-72-0-79 mm. ; 
80-86 testes; 30 clamps on one side and ten on the other in one specimen, 
in another 31 and 10; Yam., 1938, 37: (as Axine (Heteraxine) h.) designated 
as the type of the subgenus Heteraxine; on the same host, from Japan; 
27-33 clamps on the “ posterior” side and 6-10 (usually 9) on the other 
side ; 40-130 testes ; eggs 120-150» x 60-84», with a long filament on the 
abopercular pole; Meserve, 1938, 58: (as Axine h.); herein designated 
Heteraxine heterocerca (Goto) Yam. (Figs. 106 a-d herein.) 

H. carangis (MacCallum, 1918) Yamaguti, 1938 ; comb. emend. 

MacCallum, 1918, 90-91, fig. 46: (as Awine c.) on the gills of Caranx hippos 
from the New York Aquarium (from E. Coast, N. America) : found in a heavy 
infestation, which resulted in the death of the host; c. 7 mm. long, with a 
max. width of c. 0-8 mm., though the anterior region of the haptor is 
1-0 mm. wide; haptor oblique, the long posteriorly-directed side bearing 68 
clamps, the shorter side 19, of nearly the same size; testicular zone 
occupying about half the body proper; 40-50 rounded testes; genital 
atrium with two wide lateral pouches “‘ surrounded by a row of spines...’’; 
behind this an armed cirrus, and about as far again from the anterior 
end a wide oval plaque on the dorsal side, with a circle of hooks round the 
vaginal pore; eggs with a filament at each pole; Meserve, 1938, 58: (as 
Axine c.); Yam., 1938, 39: as Axine (Heteraxine) c.; herein designated 
Heteraxine carangis (MacC.) Yam. ' 

H. chinensis (Yamaguti, 1937) Yam., 1938 ; comb. emend. 

Yam., 1937 (19), 25-26, pl. 5, figs. 37-39: (as Aine c.) on the gills of Hapalo- 
genys nitens from the East China Sea; single specimen measures 3-64 mm. 
long and 0-98 mm. in max. width at the anterior end of the haptor; haptor 
markedly oblique, the longer row of clamps extending up to mid-ovarian 
level and comprising 36, and the shorter row, not reaching the testicular 
zone, containing only six—of the same size as those of the longer row— 
63-108 . wide ; 12 rounded testes; circular genital atrium bearing a graded 
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series of hooked spines in two arcs (Fig. 106d herein). This sp. is considered 
to be most nearly related to H. triangularis, though the body has different 
proportions, being more slender, and the atral spines are a distinct feature 
of the present sp.; herein designated as Heteraxine chinensis (Yam., 1937) 
Yam., 1938, as it was placed in the subgen. (Heteraxine) by Yam. 1938 
(p. 39, loc. cit.). 


Hf. elongata (Meserve, 1938), comb. nov. 


Meserve, 1938, 61-62, pl. 8, figs. 55-58: (as Axine e.) on the gills of Xurel 
malampygus from Secas Island, Panama, Pacific Coast of America; 
24-25 clamps on the long side and 4-5 smaller clamps on the short side 
of the haptor ; genital pore unarmed ; said to resemble H. carangis, except for 
the unarmed genital pore and the size and arrangement of the clamps. 
The sp. herein designated Heteraxine elongata. 


HZ. meservet, sp. nov. 


Nom. nov. pro Awine seriolae of Meserve, 1938—non of Ishii, 1936— 
Meserve, 1938, 59-61, pl. 8, figs. 48-52: (as Axine seriolae, sp. nov.) on the 
gills of Seriola dorsalis from Hood Island, Galapagos Islands: total length 
5-1-7-5 mm., with 27—29 clamps on one side and 38-40 on the other, otherwise 
similar to H. heterocerca, except that the vitellaria on the two sides of the body 
are separate for their whole extent, whereas in H. heterocerca they are 
confluent behind the testes; the homonym is herein replaced by a name 
in honour of the author, who has added much to our knowledge of the 
Monogenea of the Galapagos region. 


Hf. seriolae (Ishii, 1936) Yamaguti, 1938 ; comb. emend. 


Ishii, 1936, 785-786, fig. 6: (as Axine s.), non Axine seriolae of Meserve, 
1938 [=H. meserver] on the gills of Seriola quinqueradiata from Japan ; 
Ishii & Sawada, 1938, 236-237: (as Axine s.) redescr. [presumably a similar 
account in English to the original account in Japanese]; haptor with 23-28 
clamps on the one side, each 498-587 « wide, and on the other 9-10 very 
much smaller clamps; total length 15-20 mm.; the oviduct from the 
posterior end of the ovary runs backwards, becoming the ootype, receiving 
canals from the receptaculum seminis and vitelline reservoir and the genito- 
intestinal canal; two ducts from the anterior vitellaria unite to form the 
vagina and run forward to the mid-dorsal pore, which is circular and 
apparently unarmed; eggs 149-166 x 83-99, with an operculum at 
one end and a filament at the other; Yam., 1938, 39—as Azine (Heteraxine) 
seriolae (Ishii); herein designated Heteraxine seriolae (Ishii) Yam. 


» 4H. triangularis (Goto, 1894) Yamaguti, 1938 ; comb. emend. 


- Goto, 1894, 200-201, pl. 7, figs. 7-8: (as Axine t.) on the gills of Anthias 
schlegelit from Misaki, Japan ; body almost an equilateral triangle, c. 1-5 mm. 


wide at the posterior end, which is horizontally bounded by one side of the 


haptor; 36 clamps on the long horizontal row, and about six similar sized 
clamps on the short row directed obliquely forwards; c. 12 testes; genital 
atrium cup-shaped and armed with conical spines, rather like that of Micro- 
cotyle chiri; Meserve, 1938, 58: (as Azine t.); Yam., 1938, 39—as Axine 
(Heteraxine) t.; herein designated as Heteraxine triangularis (Goto) Yam. 
(Fig. 106 c herein.) 
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Lintaxine, gen. nov. 

Gen. created for Heteraxine of Linton, 1940—apparently not—Heteraxine 
sensu Yamaguti, 1938, but as a new gen. in ignorance of the latter. The 
homonym cannot be taken over as a synonym of Yamaguti’s subgenus 
(herein raised to genus), as, though the description is incomplete, there 
are features which separate it as distinct from the latter. It is here renamed 
in honour of the late Edwin Linton. 

Generic diagnosis.—Microcotylinae with the characters of Heteraxine, 
except for the orientation and growth potentials of the haptor. The 
morphological posterior end is apparently at the posterior end of the 
worm, as in Microcotyle and its near allies, and the sides of the haptor 
have grown together, so that two closely parallel rows of clamps are formed, 
partly covered by a flange of unarmed haptor tissue. The growth potentials 


Figures 107 a-b. 


a-b : Lintaxine cokeri—a, Haptor, ventral view; 6b, Genital corona (after Linton). 


of the clamps on the two sides are very different. In one row the clamps 
are three times the size, but only about a third as numerous as in the other. 
The distal end of the ovary is directed backwards, as in Heteraxine Yam. 
Type species : Lintaxine cokeri (Linton, 1940), comb. nov. 
L. cokeri (Linton, 1940), comb. nov. 

Linton, 1940, 24, pl. 17, figs. 231-233: (as Heteraxine c.) on the gills of 
Aplodinotus grunniens from Fairport, Iowa, U.S.A.; c. 5 mm. long and 
1 mm. wide; haptor bearing on the right side 10 large clamps, each about 
230 x 350, and on the left side 30 or more small clamps c. 80p x 140p; 
[the structure of the clamps is not commented upon, so that if they are 
typical the figure is highly diagrammatic]; genital atrium with a double 
corona of slender hooks, the inner 120y long and the outer 45, long ; 
c. 30 testes ; egg 4004 x 110, with an anterior filament. Herein designated 
Lintaxine cokeri (Linton), comb. nov. (Figs. 107 a-6 herein.) 


GASTROCOTYLINAE, subfam. nov. 


Subfamily erected herein to replace (? partly), the family named, but not 
defined by Price (1943 b, 44), as co-ordinate with Microcotylinae in Microcotylidae, 
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and characterized by the more complex skeleton of the clamps. ([Syn., ? partim, 
of Gastrocotylidae Price, 1943. ] 

Subfamily diagnosis.—Microcotylidae in which the clamps are of the disco- 
cotylid form, with the addition of accessory sclerites. Of these, one pair is 
always present in connection with the middle piece—two slightly curved bars 
meeting in the form of a wide ““V” in the middle line dorsally to the spring— 
their outer ends articulate with the sides of the loop of the middle piece. Additional 
sclerites in the form of rib-like bars or plaques are also formed in some genera in 
the plane of the “ middle piece,” and rib-like thickenings similar to those of 
Plectanocotylinae may occur in the ventral wall of the clamp capsule. The 
clamps are always all of the same pattern on the haptor, and when asymmetry 
occurs it is accompanied by the complete suppression of one side of the haptor. 
Two or three pairs of anchors are commonly retained throughout life. The vagina 
is single and opens mid-dorsally. Plurilocular genital atria with complex 
sets of spines, which are common in Microcotylinae, are not found in this sub- 
family. The spination of the male pore is a simple regular corona, or the penis 
itself is protrusible and regularly armed. 

Type genus: Gastrocotyle van Beneden & Hesse, 1863. 


Key to the Genera of Gastrocotylinae, subfam. nov. 


1. Haptor unilateral ; rib-like thickenings in clamp-capsule wall absent ; anchors 


RR stone stare tie one toe y's! 8a sinh a aletela OOM SDE wea a seo o'c'e a 2. 
Haptor bilateral; rib-like thickenings present in clamp-capsule; anchors 
LOE ERIIO teat fas i'r's:o\p/'« (om <aiers 8 ae » Sein Siwicie ae a maicaeSmte ry 4 ak vice ce de mae 
2. Haptor as a marginal frill, extending forwards beyond region of gonads ; anchors 
RRR EM wa lof cele onc) wine %e vip ¥: «oo ioe 6°d)a we Ded a el emtaleles Wiiplione wieie die ws ease Gastrocotyle. 
Haptor as a terminal frill, not overlapping region of gonads ; anchors lateral... Pseudaxine. 
3. Haptor as a bilateral marginal frill, extending forwards beyond the region of the 
Pe IMEROTIC MOTE CLEISUODIG So. 5. «5. cu ah0i-!s ei 0% ale «cl o'e aha, n Raju trmiagogs os tyee sae oa Thoracocotyle. 


Haptor as a bilateral frill on a posterior extension of the body beyond the region 
of the gonads : 


DiancnorenoL persisventiin-the adult .. 2... isases denen se cls ces so citesssees Lithidiocotyle. 
(ii) anchors persistent, and in addition a pair of “ body-hooks ” one above 
poe ouuer yust anterior to tho ‘haptor :. .. snc dade acl ccee tees es cee. Pricea. 


Gastrocotyle van Beneden & Hesse, 1863. : 

v. Ben. & Hesse, 1863, 96, 117-118: (monotypic, with G. trachuri); Montic., 
1903, 336: in subfam. Axininae; Fuhrmann, 1928, 8, 30: comp. anat., 
in Microcotylidae; Brown, 1929, 67: anat. in review; Idris Jones, 
1933, 227: taxonomy of gen.; Ishii & Sawada, 1938, 338-339: (as Gastro- 
cotyla); Price, 1943 6b, 45, fig. 1 D: figure of clamp-skeleton as typical of 
Gastrocotylidae. 

Generic diagnosis.—Gastrocotylinae in which only one side of the haptor 
is developed, as a marginal frill bearing a row of clamps extending along 
one side of the body to about halfway between the anterior end of the 
ovary and the vaginal pore. Clamp-skeleton with the characteristic V-shaped 
pair of sclerites on the middle-piece, and the ventral end of the spring attached 
to the ventral loop by bifurcate extensions on both sides of the biturcate 


if end; no rib-like thickenings in the capsule wall. Three or two pairs of 
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anchors on a terminal lappet. Male pore armed with a regular corona of 
stout hooks on the genital bulb. Vagina unarmed, pore in the median dorsal 
line some way posterior to the male pore. Ovary with distal end directed 
backwards. 

Type species: Gastrocotyle trachuri v. Ben. & Hesse, 1863. - 


Figures 108 a-f. 


‘unu O- 


-a-f: Gastrocotyle trachuri—a, Complete worm—the’/vitellaria are only incompletely represented ; 
6, Genital bulb and hooks ; c, The three types of anchor; d, Clamp in ventral view ; e, Clamp 
in dorsal view (original) ; f, Egg (after Yamaguti). 


~ 


G. trachuri van Beneden & Hesse, 1863. - 
v. Ben. & Hesse, 1863, 117-118, pl. 13, figs. 1-8: on the gills of Caranz 
trachurus from the Atlantic; Parona & Perugia, 1890, 3-7, pl. 14, figs. 1-5, 

on the gills of C. trachurus from Genoa ; Nicoll, 1915, 352, 363: record from 
outside British waters on Trachurus trachurus; Baylis & Idris Jones, 1933, 


- i) 
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629: record from Plymouth, on the gills of Caranz trachurus; Sprehn, 
1933, 31; Idris Jones, 1933, 227-232, figs. 14: redescr. from Plymouth 
specimens—4-7 mm. < 1-2mm. max. width—c/. Par. & Per. (3-0 mm. x1mm.); 
haptoral frill on the left side for three-quarters length of the worm, bearing 
32-40 clamps—cf. v. Ben. & Hesse (31-38) and Par. & Per. (c. 35); 
clamps nearly uniform, c. 80 wide [the armature of the clamps is shown 
diagrammatically by Jones, so that the relationships of the parts are not 
apparent, and these figs. are not in agreement with the present re-examination 
of worms from the same locality]; three pairs of anchors, the outer and 
most anterior pair being the largest; genital atrium bulbous, with a corona 
of 12 crochets with hooked ends, long slender stems and slightly bifurcate 
bases ; vaginal pore unarmed and median, just behind the atrium ; no eggs 
found in six worms collected in August; Yamaguti, 1938, 40, pl. 6, 
figs. 37-38: from the same host from Japan; additional data given—notes. 
also that the clamp-skeleton is different from that figured by Idris 
Jones; 27 clamps, and the anchors measure (starting with the outside 
pair) 50u, 15 and 214 respectively; a single egg present, measuring 
250 < 100, with two filaments c. 315 long. Of the two Trachurus 
trachurus examined at Plymouth in August 1939, each about 19 cm. long, 
only one was infected, and had three Gastrocotyle trachuri [with one Pseudaxine 
trachuri] on the gills. They were all of nearly the same size and without eggs. 
One of them is figured herein, Figs. 108 a—-e: the scales give the measurements 
of the parts. Two views of the clamp-skeleton are given—there is slight 
variation in that the middle-piece is in two parts in some, but in others appears 
continuous. The genital corona has different proportions from that figured by 
Idris Jones, and the bifurcation at the base is here not thought to be actual, 
but an optical effect, seen at deep foci, of the continuation of the hook 
into the inner rim of the partly-cuticularized bulb. The pointed outer end 
is not really a separate structure from the wall of the bulb—cf. the similar’ 
structure in Pseudaxine (Figs. 1086 and 1096). The testes are packed 
into the posterior fifth of the body—28 to 30, in four vertical rows——partly 
obscured by the abundant vitelline follicles, which occur throughout the body 
from the region of the pharynx to the terminal lappet. The haptoral frill is. 
free from vitellaria. The intestinal crura give off about an equal number of 
ramifying branches inwards and outwards. The vagina appears to be 
independent of the vitelline ducts for the whole of its length. The uterus 
is very wide in the specimens obtained in the autumn, and is a thin sac about 
Z, the same size as the looped ovary, lying along its left side. There is an 
! apparent dilatation of the vagina, acting as a receptaculum seminis, a short 
j way behind the pore. The worm is thin and very mobile—the wavy margins 
in Fig. 108 a are intended to show this. 
4 japonica Ishii & Sawada, 1938 ; emend. 
, Ishii & Sawada, 1938, 238-239, pl. 1, figs. 4-6: (as Gastrocotyla j.) on the 
gills of Scomber japonicus from Japan ; body 1:74 mm. x 0-42 mm.; 
haptor on the right side of the body bearing only 16 to 20 clamps, each about 
: , - 75 x 56; two pairs of anchors on a small terminal lappet—51-56 » and 
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24 uw long respectively, both with strongly recurved points ; intestinal crura 
unite behind the testes, as they are said to do in G. trachuri [this was by no 
means obvious in the writer’s specimens, and is doubtful]; genital atrium 
110, from anterior end and surrounded by 12 conical spines (5 long). 
The shape of the anchors and the structure of the clamps appear from the 
authors’ figures to be very similar to those of the Plymouth specimens of 
G. trachuri. 


Pseudaxine Parona & Perugia, 1890. 


Par. & Per., 1890, 11-12, 19: (monotypic, with P. trachuri); Montic., 
1903, 336—in subfam. Axininae; Fuhrmann, 1928, 8, 30: comp. anat.— 
in Microcotylidae ; Brown, 1929, 87: in review. Herein associated with 
the nearly-related Gastrocotyle, in Gastrocotylinae. 

Generic diagnosis.—Gastrocotylinae with a unilateral haptor occurring on 
the posterior end of the worm, bearing clamps of the same structure as in 
Gastrocotyle. The stout terminal lappet (at the morphological posterior end), 
by suppression of one side of the haptor, comes to project laterally and 
bears a large and a small pair of anchors with bifid roots. Simple genital 
corona as in Gastrocotyle; vagina either single, opening in a mid-dorsal pore, 
or paired and opening in lateral pores near the pharynx. 


Type species: Pseudaxine trachuri Parona & Perugia, 1890. 
P. trachuri Par. & Per., 1890. 


Par. & Per., 1890, 11-12, pl. 14, ee 10-13: on the gills of Caranz trachurus 
from Genoa; total length 4-6 mm.; haptor with 24-32 clamps, each 60. 
wide ;_ oral oanee with a major fae of 40; two pairs of anchors, 25 pw 
and 10 long respectively; [These authors give a curious figure of the genital 
corona (copied herein, Fig. 109 c), and describe it as having an outer ring of 
24 small hooks and 17 larger hooks below it at the end of the vas deferens. 
Neither the Japanese nor Plymouth specimens from the same host reveal 
anything like this structure]; St. Remy, 1892, 139, fig. 34: summary of 
original account; Sprehn, 1933, 31; Yamaguti, 1938, 39, pl. 6, figs. 35-36: 
on the gills of Trachurus trachurus from Japan; redescr. from material 
which is probably identical with that from the Mediterranean; haptor 
with 20-22 clamps and two pairs of anchors, the larger 24» long, with two 
roots diverging at a right-angle and a semi-circular hook arising from them ; 
the smaller with short roots diverging horizontally and the distal end 
only slightly hooked—c. 12 » long; about ten subglobular testes; genital 
pore with 16 hooks, the blades 20 » long ‘vith tips bent backwards and inwards, 
and with thickened roots; ovary with the distal end pointing backwards. 
A single specimen was found on the same host fish with Gastrocotyle trachuri 
at Plymouth on 21. viii. 39, and was unfortunately fixed in a rather contracted 
state, so that the internal organs are not easy to make out, and a vagina 
could not be seen (see Figs. 109a-b herein). Yamaguti’s description 
corresponds in almost every detail, particularly for the genital corona and 
clamps. The complete form of the anchors cannot be seen properly owing 
to their position in the total mount, but their length is in agreement: large 
pair 23 and small 13-5. The total length of this (contracted) specimen 
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is 2-3 mm. and the width at the level of the ovary 5304. The haptor bears 
about 27 clamps, one rudimentary clamp appearing at the side opposite 
to the anchors (morphologically anterior, formative, region). The clamps are 
51 wide; Baylis, 1939, 481: records this species from the same host from 
South Devon—the material is not available for comparison at the present 
time. (Figs. 109 a—e herein.) 


Figures 109 a-e. 


a-e: Pseudaxine trachuri—a, Complete worm, ventral view ; 6, Genital bulb and hooks (original) ; 
c, Genital pore and hooks (according to Parona and Perugia); d, A large and a small anchor ; 
e, Clamp, dorsal view (after Yamaguti). 


P. indicana Chauhan, 1945, 140, 141, 143, figs. 19-28: on the gills of Chrysophrys 
berda from Bombay; differs from type-species in elongated narrow body ; 
ovary in posterior half; c. 40 testes; 19 clamps; proximal anchors lacking 
bifid roots; egg with two unequal filaments. 

P. katsuwonis Ishii, 1936. 

Ishii, 1936, 786-787, figs. 8-10: on the gills of Katsuwonus vagans from 
Japan; Ishii & Sawada, 1938, 237 [apparently this account in English is. 
substantially the same as the original account in Japanese]; haptor with 
24 clamps and two pairs of anchors on the lappet, the outer 48 and the 
inner 28, long; clamps slightly variable in size—max. 119 wide; two 
lateral vaginae which open just behind the pharynx on the margin of 
the body; genital atrium with a corona of 12 spines; eggs 216 x 664y,. 
_____-with two polar filaments ; total length 8 mm., width 3 mm. 

P. mexicana Meserve, 1938. 

Meserve, 1938, 63-64, pl. 9, figs. 60-63: on the gills of Scomberomorus 
maculatus from Tangola-Tangola, Mexico, Pacific Coast; total length 

J 95 mm., with 37 clamps on the haptor; oral suckers septate. The species is 
similar to P. trachuri, though the genital pore is more anterior and near to. 


XxXv.—paRT Iv. No. 36.—1946. 3P 
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and the vitellaria end well behind the genital pore, while in P. trachuri they 
reach the genital pore. 


P. vagans Ishii, 1936. 


Tshii, 1936, 787-788, figs. 8-10: on the gills of Katsuwonus vagans 
from Japan; Ishii & Sawada, 1938, 237-238: redescr. (see above); max. 
size 6mm. x 1-5mm.; a definite notch separating the body from the 
haptor; the latter bears only 13-15 clamps, which are up to 216 yu 
wide; larger anchor 45-46 » long, smaller 25-26 » long; paired vaginae 
open laterally, as in P. katswwonis; eggs 1664 x 75, with two polar 
filaments. 


Thoracocotyle MacCallum, 1913. 


MacCallum, 1913, 337: (monotypic, with 7’. croceus) ; Fuhrmann, 1928, 30: 
in Microcotylidae ; Yamaguti, 1938, 34 (fam. ead.); Price, 1936, 13: erects 
a new subfam. for this genus and places it in Diclidophoridae. No definition 
or further comment on his views has yet been published by Price, and in 
the light of the other spp. recently described there appears to be no doubt 
that the place of this genus is with Gastrocotyle in Gastrocotylinae, 
Microcotylidae, where it is placed herein. Meserve, 1938, 56, places it in 
Microcotylidae, after examination of a (?) new species. 

Generic diagnosis.—Gastrocotylinae in which both sides of the haptor are 
developed as marginal frills extending forwards along the body beyond 
the region of the gonads; clamps with the same structure as in Gastrocotyle, 
but complicated by the presence of rib-like thickenings in the ventral wall 
of the capsule and (?) in association with the middle piece. The haptor 
may be continued forwards as ventral plate free from the body (as in some 
Microcotyle spp.) ; vagina single, opening in a median pore; two pairs of 
anchors present, a larger, more anterior, straight pair and a posterior, smaller, 
sickle-shaped pair. 


Type species: Thoracocotyle crocea MacCallum, 1913; emend. 
T. crocea MacCallum, 1913; emend. 


MacCallum, 1913, 335-337, figs. 1-4: (as 7’. croceus) on the gills of Scombero- 
morus maculatus from the New York Aquarium; said to be very darkly 
pigmented (by the vitellaria or intestinal granules ?), so that there was 
difficulty in working out the anatomy, particularly of the vagina, which was 
thought possibly to open near the junction of the body with the free part 
of the haptor; vitelline follicles rather large and mostly packed into the 
region ventral to the lobed testicular mass and the haptor; total length 
4-5 mm., width 0-75-0-9 mm.; the portion of the subcylindrical body 
anterior to the attached region of the haptor slender and mobile; haptor 
with 18-20 clamps on each side; two pairs of anchors on a stout terminal 
lappet, the straight anterior pair 120» long, and a smaller sickle-shaped pair ; 
genital pore unarmed, leading to a muscular cirrus and thence to a long 
voluminous vesicula seminalis extending dorsally as far as the testes; eggs 
180 x 60, with a long tapering filament at each pole, c. 270m long; — 
Dr. Baylis (personal communication) emends name to crocea. (Figs. 110 c-d 
herein.) 
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T. paradoxica Meserve, 1938. 

Meserve, 1938, 57-58, pl. 7, figs. 41-43: on the gills of Scomberomorus 
maculatus from Tangola-Tangola, Mexico: these specimens are much smaller 
than the type species and show indications that they are juveniles—Meserve 
considers that it is quite probable that they are conspecific with 7’. crocea, 
and the new material is named only provisionally ; the haptor bears a total 
of 28 clamps. (Figs. 110 e-g herein.) 

T'. coryphaenae Yamaguti, 1938. 
Yam., 1938, 33-34, pl. 5, figs. 25-26: on the gills of Coryphaena hippurus 
from the Pacific; 12 mm. long and 0-9 mm. wide, nearly parallel-sided, 


Figures 110 a-g. 


a-b: Thoracocotyle coryphaenae—a, Complete worm, ventral view ; 5, Clamp (after Yamaguti). c-d: 

T. crocea—c, Complete worm, lateral view (from a reconstruction—owing to the heavy pig- 

mentation of this sp. obscuring the structure in whole mounts); d, Clamp (after MacCallum). 

e-g: T. paradoxica—e, Complete worm, ventral view; f, Clamp; g, Terminal lappet with 
Y anchors (after Meserve). 


with the haptor extending more than halfway along the body; gonads in the 
posterior quarter; right haptoral frill bearing 118 clamps, but the left 
somewhat shorter; clamp-skeleton lacking the numerous curved rib-like 
bars figured, somewhat vaguely, for the other species, but resembling that of 
Gastrocotyle, except that the ventral bifurcated end of the spring is simple 
and not attached to the ventral loop, and there are rib-like thickenings in the 
ventral wall of the capsule (as in Lithidiocotyle and Plectanocotylinae) ; testes 
in about 50 follicles in two rows; genital atrium lined with numerous slender 
3P2 
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long-rooted hooks in a regular corona; vagina single, opening on a muscular 
pad dorsally in front of the intestinal bifurcation ; eggs, about 12 together 
in the uterus, 200-250 x 85-110, with a spinous process at each pole 
150 u long; two pairs of anchors similar to those of the other two species, 
the longer pair 48 long. (Figs. 110 a—5 herein.) 


Lithidiocotyle, gen. nov. 


a-d: 


Created herein for Microcotyle acanthophallus MacCallum, owing to the 
similarity of the clamp-skeleton to that of other Gastrocotylids, and the 
absence of a complex genital atrium with spines, snch as is characteristic of 
the genus Microcotyle. 

Generic diagnosis.—Gastrocotylinae in which both sides of the haptor a are 
developed as frills on a posterior extension of the body. The whole haptor 
is borne on a stem, into which the testes and vitellaria do not enter, but 
which contains the united intestinal crura. These diverge again about halfway 
along the haptor proper. The clamps have the general plan common to 
Gastrocotyle and its allies, but in addition there are rib-like thickenings similar 


Figures 111 a-d. 


Lithidiocotyle acanthophallus—a, Complete worm, ventral view; 6, c, The ventral and dorsal 
parts of a clamp (ventral loop portion and middle piece) respectively, dissected out to show 
the cuticular striated thickening on the face of the former and the development of irregular 
sclerites in the latter ; d, Clamp in situ, from the ventral side (after MacCallum and MacCallum). 


to those in Thoracocotyle, and also irregular cuticularized plaques developed 
in connection with the middle-piece or “loop.” A genital atrium proper is 
lacking, and the cirrus is protrusible and has a regular spination. ‘“ Uterine 
pore” said to be surrounded by a wide band of circular muscles—occurring 
halfway between the male pore and the ovary [it is possible that this structure 
may be the vagina]. | 


Type species: Lithidiocotyle acanthophallus (MacCallum & MacCallum, 1913), 


comb. nov. 


L. acanthophallus (MacCallum & MacCallum, 1913), comb. nov. 


MacCallum & MacCallum, 1913, 243-244, fig. J, K (A—D): (as Mibloseigte - 
a.) on the gills of Roccus lineatus from the Atlantic Coast of U.S.A. ; haptor 
with c. 43 clamps on each side, each 404 x 50; oral suckers 40 p long: 
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c. 60 rounded testicular follicles in three or four longitudinal rows ; eversible 
cirrus rather long and covered with a spiral of spines; total length 7 mm., 
and width 0-67 mm. Many points of anatomy require re-investigation in this 
species. ‘The median pore at the intestinal bifurcation, which is surrounded 
by a ring of muscle-fibres, would at first sight appear to be a vagina (there is 
no armature connected with it), yet it was described as the uterine pore. 
There is no mention of the presence of anchors, and they are presumably 
non-persistent ; Meserve, 1938, 50 (as Microcotyle a.): no comment on the 
-anomalous structures. (Figs. 111 a—d herein.) 


_Pricea Chauhan, 1945, 156: placed in the fam. Gastrocotylidae Price, 1943. This 


genus appears to be very close to Lithidiocotyle, but differs from all other 
Microcotylids in the presence of a curious pre-haptoral pair of anchors. 

Generic diagnosis.—Gastrocotylinae with typical clamps, in which rib-like 
thickenings are developed, arranged in double rows on either side of a rather 
thick haptor, into which the intestinal crura do not extend. One pair of 
persistent terminal anchors, and in addition a pair of pre-haptoral anchors 
(“ body hooks”). Genital corona of 12 simple spines, and a single vaginal 
pore with a single U-shaped spine—tending, apparently, to act as a spring in 
opening the vaginal pore. 

Type species: Pricea multae Chauhan, 1945. 
P. multae Chauhan, 1945, 143-145, figs. 29-36: on the gills of Cybvwm lanceolatum 
from Bombay. 
P. minimae Chauhan, 1945, 145-147, figs. 37-48: on the gills of Thynnus pelamys 
from Bombay. 
P. microcotylae Chauhan, 1945, 147-149, figs. 43-48: on the gills of Scomber 
microlepidotus from Bombay. 


DICLIDOPHORIDAE Fuhrmann, 1928 ; sensu Price, 1943. 


Fuhrmann, 1928, 29: first uses fam. name, which he wrongly attributes to 
Cerfontaine [the latter’s name was in subfam. form]; defined according to the 
number of clamps, lack of vagina, etc., without stressing the characteristic type of 
asymmetrical clamp; includes, however, only the genera of Choricotylinae 
fhe includes Diclidophora Dies. (as Dactylocotyle) in Octocotylidae]; Sprehn, 
1933, 12: follows Fuhrmann ; Price, 1936, 12-13: accepts fam. name, which he 
correctly attributes to Fuhrmann, and includes the same group of genera, in 
addition to others, also incl. Thoracocotylinae ; Llewellyn, 1941 a, 398, 405 ; 
1941 b, 416-417, 429: in these two papers Llewellyn renames the family 
“‘ Choricotylidae’’—owing to a misinterpretation of the law of priority in taxonomy. 
His definitions apply to the subfam. Choricotylinae herein, for apparently he 
considers Diclidophora Dies. [=Dactycotyle v. Ben. & Hesse] to belong to 


Mazocriidae (sic), in the sense in which this name was used by Southwell & 
‘Kirshner (1937, 431-433)—who included all Octobothrium spp. listed by Braun 


(1879-1893) in the genus Mazocraés Herm. ; Brinkmann, 1942 a, 16-22: reviews 
the taxonomy and defines fam. as i tered eyo pressitic the gen. name 
Diclidophora Dies., owing to another misinterpretation of the law of priority, but 
in por EnCe. of the work of Llewellyn; Price, 19436, 44: (in ignorance of 
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Brinkmann’s work, but in the knowledge of Llewellyn’s) gives a correct inter- 
pretation of the family and subfam. grouping, but uses fam. name in a wider 
sense than Fuhrmann; also suppresses Choricotyle v. Ben. & Hesse in favour 
of Cyclocotyla Otto, so that the corresponding subfam. name is also changed ; 
misinterprets the scope of Choricotylidae Llewellyn, in that he makes it a 
syn. of Diclidophoridae Fuhrm. [sensw Price], whereas the definition (Llewellyn, 
loc. cit., 417) does not include Diclidophora Dies. 


The justification of the fam. Diclidophoridae rests on the validity of the genus Diclidophora Dies., 
1850—created for D. palmata (Leuck.) and D. longicollis Dies., which, are genosyntypes [see Schenk & 
McMasters, 1936, 6, for definition of taxonomic terms], from which no type has been selected hitherto 
[herein type =D. merlangi (Kuhn in Nordmann, 1832), syn. D. longicollis Dies.]. Part of the confusion 
has arisen by subsequent authors referring these genosyntypes to different (and sometimes separate) 
genera. They are herein, however, taken as congeneric. An imperfect grasp of the early taxonomy 
of these two spp. has been another source of confusion in the literature : new spp. (some congeneric 
and some not) have been added to Diclidophora Dies. (or to its part-synonyms), with an imperfect 
knowledge of the types. ‘“‘ Diclidophora,” as defined by Goto (1894, 201-202), is a syn. of Choricotyle 
v. Ben. & Hesse, 1863, though this was not realized by Cerfontaine in his extensive works on the 
group ; and this author dealt with Diclidophora Dies. under the name Dactylocotyle v. Ben. & Hesse. 
Brinkmann’s rationale in following Cerf. and suppressing Diclidophora Dies. (personal communication) 
is that Diesing’s genosyntypes are insufficiently defined for recognition. This objection can, however, 
be overruled, since D. merlangi, at least, is so rigidly host-specific, and so well known in Europe, that 
Diesing’s and subsequent authors’ references to it, in spite of the lack of detail, leave no doubt as to 
the identity of the species, so that Diclidophora Dies. must be retained as a valid genus. 

The true taxonomic status of this genus was first clearly pointed out by Dollfus (1922, 293-294), 
and later indicated by Price (1936, 12, and 1943, 44). Some confusion was created by the action 
of Southwell & Kirshner (1937, 430) who, in reviving the gen. Mazocraés Herm. for the type of 
Octobothrium Leuck., included in Hermann’s genus all species which had received the name Octo- 
bothrium auct. or Octocotyle auct., thus including Diclidophora Dies. [In effect, they made Mazocraés 
Herm. co-extensive with the present superfam., Diclidophoroidea Price. Only a very few authors 
have adopted Mazocraés sens. lat.]. Llewellyn (1941, l.c.) suppresses Diclidophora Dies. in favour 
of Dactycotyle v. Ben. & Hesse, which he implies is in Mazocriidae Southwell & Kirshner, 1937 (in 
ignorance of Price, 1936), and shows that Diclidophora sensu Goto, 1894, is syn. with Choricotyle v. Ben. & 
Hesse, 1863, which he makes the type of the fam. to replace Diclidophoridae Fuhrm. In content, 
Choricotylidae of Llewellyn is not co-extensive with Fuhrmann’s fam., and it is reduced, as it stands, 
to subfam. rank herein :—Choricotylinae n. subfam., co-ordinate with Diclidophorinae emend., non 
sensu Cerf. Llewellyn has made a valuable contribution in explaining the anatomy of the type species 
of Choricotyle, particularly with reference to the genital system (which lacks a vagina) and to the 
structure and musculature of the clamps, which in this subfam. are not opposable, and act as re- 
inforced suckers. 

Brinkmann (1942 a) was, however, the first to point out the fundamental character of the family, 
which distinguishes it from Mazocraeidae Price and Discocotylidae Price, viz. that the clamps are asym- 
metrical and that those on one side of the haptor are mirror-images of those on the other. He described 
them for one species of Diclidophora, and made an attempt at distinguishing the sclerites, though 
he did not consider them in detailed relation with other families, so that the significance of the homologies 
pointed out in the present work (see also Sproston, 1945 b) did not occur to him. Owing to a taxonomic 
error he suppresses Diclidophora Dies. and replaces it by Dactylocotyle [=Dactycotyle v. Ben. & Hesse], 
the emended spelling used by Par. & Per. (1889) [but first by Marschall, 1873]. The correction of 
spelling is justified by Internat. Rules, Art. 19, which states that the exact spelling of the original 
is to be retained unless an obvious misprint or lapsus calami. Opinion 34 retains the original spelling 
of a generic name (even though etymologically incorrect) when no evidence of the derivation is 
contained in the original publication ; but v. Ben. & Hesse, 1863, 110, create ‘‘ Dactycotyle Nob.,” 
adding in a footnote “ De daxrvdos, doigt ’’—thus indicating that they made an error in Latinizing 
the Greek root. This orthographical error may be corrected without its being considered an alteration 
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in the name, thus preserving priority for these authors. As the name falls as a syn. to Diclidophora 

Dies., the matter is now of little importance, though in the event of its type, D. pollachii, being shown 

at some future time to be not congeneric with D. merlangi, then the name may have to be revived. 

The characters of the sp. D. macruri, described by Brinkmann (1942 a), unite the genera Diclidophora 

; sensu Price and Diclidophoroides Price, 1943 ; yet the characters of this sp. do not appear to justify 

F Brinkmann’s tentative suggestion that it be placed in a new gen., Dactylocotylides. Accordingly, 

the last two genera are relegated to synonymy with Diclidophora Dies., which is retained alone in 

its subfam. Price (1943 6, 46-47) revives Octodactylus Dalyell, for Octobothrium palmatum Leuck., on 

the ground of the more distinct separation of the haptor. This is here considered of no more than 

specific value. In a similar way, no systematic value is recognized herein for the presence of stalked 

or sessile clamps, since the base of the clamp is in most spp. capable of elongation and contraction, 

and the appearance is dependent on the conditions of fixation (cf. Figs. 112 a—d herein, though greater 
extremes have been seen, particularly in D. luscae, and in other genera). 

The classification and nomenclature adopted herein were set down in 1941, before the papers by 
Llewellyn, Brinkmann and Price were available, but the knowledge of these has not necessitated any 
alterations, apart from the incorporation of some synonyms and notes on taxonomy. 

Family diagnosis.—Diclidophoroidea in which the clamps are not symmetrical 
about their own axes or with regard to the axis of the worm, and those on one side 
of the haptor are mirror-images of those on the other. The sclerites of the 
“ventral loop ”’ are well developed in two separate lateral parts, and the “‘ dorsal 
loop ” is represented by two heavy alae, the inner being the site of attachment 
of the main muscle-bundle (which in Choricotylinae is modified into a true 
sucker, though it is only an incipient sucker in Diclidophorinae). The middle 
opposable piece is also well developed in two lateral parts, and each is usually 
articulated at the sides, as in Plectanocotyle. The extension of the sides of the 
ventral and middle loops across the middle of the capsule under the cuticularized 
tendon (=spring) is inversely proportional to the development of the latter : 
the spring, as such, is almost absent in Diclidophora, except at the anterior end 
of the mid-line, but in Choricotyle the ventral and middle pieces are more sub- 
sidiary, and the spring reaches its maximum development (cf. Figs. 113 b-c and 
Fig. 112 f). The ventral wall of the capsule is frequently reinforced with rib-like 
thickenings, separate rodlets, spines or small plaques—these being particularly 
developed on the outer half of the capsule. Anchors usually not retained 
in adult life. Genital pore usually armed with a simple corona of hooks. Recep- 

_ taculum seminis probably always present, but vagina seldom present. 


=I. 


| 
| 
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Key to the Subfamilies of Diclidophoridae Fuhrm. 


Clamp-muscles shifted to the inner side of the capsule, but middle piece 
+ _opposable to “ ventral loop”: acting as a clamp................-.. ee eee DICLIDOPHORINAE. 
Clamp-muscles ending in a sucker on the inner side of the capsule; middle piece 
nee not opposable amen AS & Teinforced BUCKET. Vises. eke eee cee es isi gn a CHORICOTYLINAE. 


P - DicLipoPHoORINAE Cerfontaine, 1896, sensu emend. Price, 1943. 


_ Cerf. 1896, 510-517: uses subfam. name to include only those genera now 
grouped under Choricotylinae [=Diclidophora sens. lat. of Goto, 1894]. As has 
n indicated above, the present connotation of the subfam. is in contrast to the 


re 
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group designated thus by Cerfontaine. It is unfortunate that a new name cannot 
be substituted, but Diclidophorinae is used in the present sense by Price, 1943 6, 
44-45, without comment on the anomaly. 

Subfamily diagnosis.—Diclidophoridae invariably bearing four pairs of approxi- 
mately equal-sized clamps, on pedicles or nearly sessile, the skeleton of which 
has developed asymmetrically owing to the shifting of the main muscle-bundle 
to the inner side of the capsule—with the formation of an incipient sucker on the 
expanded vestige of the inner part of the dorsal loop. As a consequence of the 
shifting of the muscle from the median tendon or “ spring,” the central support 
of the middle opposable piece and the ventral loop is formed by the anterior 
extension of their own sclerites. The spring is represented by an irregular ring 
in the middle of the anterior edge of the capsule : this articulates with the anterior- 
median extensions of the ventral loop sclerites, adherent to an irregular median 
thickening in the capsule-wall (homologous with the spring), to which some muscle- 
fibres are still attached. A small annular sclerite is present as a tendon in the 
centre of the incipient sucker. The whole apparatus maintains the usual function 
of a clamp. Vagina absent. Parasites of gadoid fishes. 

Type genus: Diclidophora Diesing, 1850. 

Price (1943, 45) supplies a key showing the division of this gen. into three: Diclidophoroides 
Price, 1943 (haptor distinctly set off from body) ; Octodactylus Dalyell (haptor not set off from body) ; 
and Diclidophora s.s. (haptor not set off from body, and in contrast to the other genera, testicular 
follicles may sometimes be found in front of the posterior edge of the ovary). This division is not 
recognized as valid herein. 


Diclidophora Diesing, 1850. 
Dies., 1850, 289, 417-418 : (syn. Octobothrium of Nord., pro parte) separated 
from other Octobothrium spp. on the basis of the stalked posterior suckers 
(also cites Octostoma Kuhn, 1829, as a syn. and gives the false ref. 
mentioned below to the sp. merlangi—this genus is a syn. in so far as Octostoma 
spp. were transferred to Octobothrium Leuck., 1827, but these spp. are not 
among those selected by* Dies. as members of Diclidophora); includes 
D. longicollis Dies. and D. palmata (Leuck.); Leuck., 1842, 18-22 (as 
Octobothrium) : discussion of the genus, which then included the two geno- 
syntypes of Dies., O. platygaster Leuck. [=O. merlangi Kuhn, in Nordm., 
=D. longicollis Dies.| and O. palmatum Leuck.; on pp. 32-33 he makes 
the original suggestion, overlooked by later authors, and attributed to Dies., 
1850, that the genus be divided on the grounds of the presence or absence 
of mouth-suckers and/or posterior hooks; he indicates the grouping but 
does not name the groups; Dalyell, 1853, 262: creates Octodactylus—tor 
O. inhaerens [which has been recognized as Octobothrium palmatum Leuck.] ; 
van Beneden, 1856, 643, figs. 1-11: details of Octobothrium merlangi ; which 
is again referred by him in 1858 a, 49-52, to Octobothrium, but he suppresses 
the gen. Diclidophora on the grounds that no true generic characters have 
yet been discovered to separate it from Octobothrium Leuck.; Dies., 1858 e, 
383-384 : (as Diclidophora)—slightly simplifies original diagnosis, and notes 
ref. to v. Ben. (1856); Dies., 1859 6, 442-443: apparently influenced by 
v. Ben. (1858), re-unites Mazocraés alosae Herm. [=Octobothrium lanceolatum 
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Leuck.] with the two genosyntypes of Diclidophora, in the new gen. Octo- 
plectanum ; v. Ben. & Hesse, 1863, 10-12: split the group Octobothrium auct. 
into a number of genera according to the disposition of the posterior suckers : 
O. merlangi is not involved, but O. palmatum is placed in the new gen. Pterocotyle 
(p. 107), and separated from the congeneric ‘“‘Dactycotyle”’ spp. on account 
of the suckers being borne on long parallel, non-retractile (sic) stalks ;_ these 
are in contrast to Choricotyle, which is created for spp. in which the stalks 
are also non-retractile but more radially disposed (Pt. morrhuae is also 
described but not figured). 


Stiles & Hassall, 1908, 357: state that palmatum (=inhaerens) becomes the type of Pterocotyle 
v. Ben. & Hesse, by inclusion ; also it is the type because it is the only sp. figured. [This seems doubtful 
because inhaerens is a syn. of a genosyntype of Diclidophora ; and as v. Ben. & Hesse failed to cite a 
type either for Pterocotyle or for Dactycotyle, Diclidophora Dies. stillremains without a type designated. | 
Price, 1843 6, 45 : Diclidophora s.s. is defined, and the type designated as D. longicollis Dies. [=D. mer- 
langi (Kuhn, in Nordm., 1832)]; but this action, though ultimately justifiable (apart from the substi- 
tution of longicollis for merlangi), only evades the essential issue because Price (l.c., 46) separates the 
other genosyntype, palmata, as the type of a separate genus—Octodactylus [inhaerens|—which, he 
revives, on what are here considered insufficient grounds. 

Of these two genosyntypes, D. palmata (Leuck., 1830) is the older, since its description first appeared 
in Oken’s [sis in 1830; whereas the first published description of D. longicollis Dies. was given by 
von Nordmann in 1832, apparently referring to MS. notes of Kuhn, under the name O. merlangi. 
Since, however, D. palmata is not nearly so well known, and D. merlangi is exceedingly common and 
well known to many zoologists, Art. 30, Recommendation (7) of the International Rules is here invoked, 
and D. merlangi formally designated as the type. This proposal was submitted to Dr. H. A. Baylis, 
who added the following remarks (personal communication) “.. . longicollis is mentioned by Diesing 
before palmata, though they are both on the same page . . . There seems to be no evidence that Diesing 
had first-hand knowledge of either species. Hence I think it is reasonable to take merlangi (—longi- 
collis) as type by page-precedence.”’ 


Marschall, 1873, 430, 795, 796: (as Dactylocotyle—emended spelling of 
Dactycotyle v. Ben. & Hesse—see note, p. 471); Par. & Per., 1890, 4, 
7,10: accept Dactylocotyle [sic] v. Ben. & Hesse, but emend it to include 
Pterocotyle, Choricotyle, Mesocotyle and Octobothrium merlangi (which become 
syns.), thereby including the genosyntypes of Diclidophora Dies. ; Goto, 
1894, 201-202: examines the constitution of Octobothriwm Leuck., 1827, 
and notes that Dies. (1850) separated Diclidophora from Octocotyle, apparently 
only on the basis of the pedunculated suckers of the former [though it is 
now found that the grouping of Dies. effected a separation of species which 
fulfils criteria that greater knowledge has laid down as of generic significance]. 
Goto therefore retains Diclidophora Dies., though he does not refer to a type ; 
in ignorance of the European forms he re-defines the genus on the basis 
of Japanese spp. which he assumes to be congeneric. [In fact, Goto defined 
Choricotyle v. Ben. & Hesse, to which, in the wide sense, all his spp. belonged. | 
He states: ‘“‘... Diclidophora merlangi (Kuhn) is, to judge from its (incom: 

plete) description given by Dieckhoff (1891, 256), in all probability to be 
included under Diclidophora as defined below, while as to D. palmata (Leuck.) 
there can be no doubt, from the general form of the body, of its belonging 
to the same genus.” He states also that Piterocotyie v. Ben. & Hesse is 
-_ eo-extensive with the present genus. Cerfontaine, 1896, 510-518, 532: 
- vou. xxv.—ParT Iv. No. 37.—1946. 3Q | 
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(as Dactylocotyle) re-definition of gen., which originally contained only 
D. pollachii and D. luscae, but Cerfontaine includes the genosyntypes of Diclido- 
phora Dies., as well as Pterocotyle v. Ben. & Hesse and Octobothrium denticu- 
latum Olss. [Cerf. therefore includes spp. now recognised as Diclidophora, 
to which all Cerfontaine’s names mentioned above fall synonyms, and 
“Diclidophora’’? sensu Goto, which he defines (l.c., 549) and subdivides, 
becomes syn. of Choricotylinae, vide infra]; Cerf., 1898, 301-315, 322-323 : 
further observations on the genus Dactylocotyle sensu Cerf., 1896 [=Diclido- 
phora Dies.], re-definition and summary of spp.; Dollfus, 1922, 289-294 : 
review of subfam. Diclidophorinae Cerf. [—Choricotylinae], and in note 
(pp. 293-294) explains the taxonomy of “ Octobothrium merlangi (Kuhn, 
1829), adding that repeated search in the literature has failed to reveal a 
publication by Kuhn in which he named the species ; suggests that Nordmann 
(1832, 78) had in mind some MS. notes from Kuhn, which accompanied the 
specimens of the worms from Gadus merlangus sent to Rudolphi and 
later examined by Nordmann. Dollfus states that the name should read : 
Dactylocotyle merlangi (Nordm., 1832); Fuhrmann, 1928, 20, 23, 29: as 
Dactylocotyle—in Octocotylidae (non Diclidophora of Fuhrmann, of Cerf., etc. 
[=Choricotyle v. Ben. & Hesse]); Sprehn, 1933, 11 (as Dactylocotyle), 28-29 
(as Dactycotyle) naming five valid spp.—non Diclidophora of Sprehn ; Price, 
1936, 12: summary of taxonomy ; makes Dactylocotyle a syn. of Diclidophora 
Dies., and “Diclidophora auct.” a syn: of Choricotyle ; Southwell & Kirshner, 
1937, 430: reinstate Mazocraes Herm. as syn. of Octobothriwm auct., which 
is made (implicitly) to include all Diclidophoroidea Price [furthermore, 
not only is Diclidophora Dies. stated to be a syn. of Mazocraés, but D. merlangi 
of MacCallum is made a syn. of [| Discocotyle] Mazocraes sagittatum] ; Llewellyn, 
1941 a, 397-398 ; 1941 6, 416-418: (as Dactycotyle) suppresses Diclidophora 
Dies., but shows, correctly, that Diclidophora of Goto is syn. of Choricotyle 
v. Ben. & Hesse; Brinkmann, 1942 a, 12-16: (as Dactylocotyle) in subfam. nov. 
Dactylocotylinae, and fam. nov. Dactylocotylidae—respectively syns. of 
Diclidophorinae sensu Price, and Diclidophoridae sensu Price, 1943; Brink- 
mann, 1942 c, 123-124: fam. Dactylocotylidae Brinkm., 1943, in superfam. 
nov. Dactylocotyloidea (=Diclidophoroidea Price)—renamed owing to the 
suppression of Diclidophora Dies.; Price, 19436, 44-45: (as Diclidophora 
Dies., Diclidophoroides Price, 1943, and Octodactylus Dalyell) ; syn. Dactylo- 
cotyle v. Ben. & Hesse; definition and key to genera which are herein included 
in Diclidophora Dies. s. l. (vide note on p. 472). 
Generic dragnosis.—Diclidophorinae with the characters of the subfamily. 


Type species: Dichdophora merlangi (Kuhn, in Nordmann, 1832) Kroyer 


[1851 or later]. 


D. merlangi (Kuhn, in Nordm., 1832) Kroyer [1851 or later]. 


Nordmann, 1832, 78-80, 82, 115, pl. 7, figs. 1-5: (as (?) Octobothrium m., 
(Kuhn) =Octostoma sensu Kuhn, 1829); from the collection of Rudolphi, 


on the gills of Gadus merlangus [possibly sent to Rudolphi by Kuhn—or the _ 


spirit specimen may have been labelled by Kuhn]; Nordm., in Lamarck, 
1840, 599 (as Octobothrium m. (Kuhn); Leuck., 1842, 21, 30, 32, 33: renames — 
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Octobothrium merlangi (Nordm., 1832) [sic], on the gills of G. merlangus 
(Europe), as Octobothrium platygaster—in contradistinction to O. leptogaster 
[=Chimaericola leptogaster|], which it is stated to resemble in all respects, 
including the lack of terminal hooks [anchors], except that in the present 
sp. the posterior part of the body is enlarged, and not attenuated as in the 
sp. from Chimaera; states that the mouth-suckers are absent, but there is a 
crown of small hooks round the genital opening ; in note (p. 30) states that 
Dr. Kuhn reported this worm first, according to Nordm., who examined the 
material in Rudolphi’s collection, and adds that though Nordm. made ref. 
to Mem. Mus. d’Hist. nat., 1829, in which Kuhn described Octostoma spp., 
there is no ref. to the present sp. (“... Kuhn selbst erwaéhnt diese Art in 
seiner mehr erwahnten Abhandlung mit keinem Worte.”) Dujardin, 1845, 
314: renamed Cyclocotyle m. (Kuhn); found on the gills of Merlangus 
communis by Kuhn; _ Dies., 1850, 417: renamed Diclidophora longi- 
collis: gives measurements indicating the long “neck”; 1858, 384: (as 
D. longicollis) ; Kroyer, 1851—or later—in ‘ Danmarks Fiske,’ vol. i [title- 
page date 1838-40, but internal evidence in last chapter’s footnotes indi- 
cates later printing, as publications are cited for the year 1851], p. 606: 
as Diclidophora merlangi, on the gills of Gadus merlangus from Denmark— 
this is the first time the correct combination of names is used in the literature ; 
v. Beneden, 1856, 643, figs. 1-13 : (as Octobothrium m.) on the gills of Merlangus 
communis from Belgium (Dec. and Jan.), figs. show the recognizable structure 
of the clamps and two oral suckers ; 1858, 49-52, 168: descr., claims to be 
the first to see the genital hooks [no ref. to Leuck., 1842, who mentions 
them]; retains the name Octobothrium m., and rejects Diclidophora Dies. as 
as invalid genus; Dies., 1859 c, 443: (?in response to v. Ben.’s criticism] 
merges two genera and makes this sp. congeneric with O. lanceolatum Leuck. 
—as Octoplectanum longicolle; mentions that though v. Ben. shows only 
two “‘ valves’ in the suckers, v. Nordm. described four; Tasch., 1879, 241,. 
242, 245: suppresses Diesing’s names as syns. of Octobothriwm m. (Kuhn) ; 
on the gills of Merlangus communis at Naples, and (sic) also from Cymothoa 
(Meinertia) oestroides Risso, from the mouth of Box boops at Naples ;. 
Dieckhoff, 1891, 250-251 (presence of a vitello-intestinal canal), 265-266 
(general anat.), pl. 8, fig. 8 (ant. end, showing terminal genitalia—reconstructed 
from serial sections, being the first application of this method to the study of 
trematodes), fig. 9 (section of ovarial region), fig. 10 (frontal view of ovarian 
complex, showing receptaculum seminis as “ vesicula seminalis interna ’’—- 


no indication of vagina)—as Octobothrium m.; Goto, 1894, 202:  syst.; 


Montic., 1888 a, 11, 26; 1890, 420; 1893, 111: as Octocotyle m.; Parona, 
1894, 727 (note) ; 1894, 1060 (note): as Octocotyle m.; Cerf., 1895, 922, 939, 
942-943, pl. 1, figs. 4-8; 1895 6, 511-530, 534, pl. 23, figs. 4, 8: anatomical 
account from sections and demonstration of a short ventral vagina, leading 
directly from the receptaculum seminis to the exterior—as Dactylocotyle m., 
on the gills of Gadus merlangus from Ostend (always on the first gill); 1898 a, 
301, 304, 310, 312, 324-325, pl. 12, figs. 12-13; 1899a, 370; Th. Scott, 
1901, 146-147: (as Octobothrium m.), record on same host from Scotland; 
aa? 
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A. Scott, 1901, 343: (as Octobothrium m.), on the same host from Trish Sea ; 
Lebour, 1908, 40-41, pl. 5, fig. 2: (as Octobothrium m.) on G. merlangus from 
Cullercoats, Northumberland; Par. & Per., 1911-1912 (vol. ii), 11: (as 
Octocotyle merlangi (Nordm.)) recorded from Mediterranean ; syns. include 
Mesocotyle squillarum on Cymothoa oestroides in the mouth of Box salpa ; 


Figures 112 a-f. 


a-f: Diclidophora merlangi—a, Complete worm, ventral view ; b-d, Other specimens to show con- 
trasting appearances due to extremes of expansion and contraction ; e, Genital bulb with corona 
of hooks, and the slightly anterior uterine pore ; f, Clamp from the left side of the worm, ventral 
view ; the ventral portion is shown slightly obliquely and raised away from the dorsal portion 
(original), 


Nicoll, 1915, 351, 358: (as Octobothriwm m.) records from Plymouth, Northum- 
berland and Aberdeen; non Diclidophora merlangi of MacCallum, 1917, 
[=D. maccallumi (Price, 1943)]; Dollfus, 1922 a, 291, 292, 293-294 (as ‘3 
Dactylocotyle m. (Nordm.)): notes the possible synonymy of Me: ocotyle le 
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squillarum Par. & Per., 1889, and corrects the false refs. to Kuhn, 1829, 
for this sp. which have been copied throughout the lit.; Plymouth Marine 
Fauna, 1931, 100: (as Octobothrium m.) on gills of G. merlangus from 
Plymouth (Nicoll’s record) ; Sprehn, 1933, 28: (as Dactycotyle m.) from the 
North Sea area on G. merlangus; Baylis & Idris Jones, 1933, 629: (as 
Dactycotyle m.) on the gills of G. merlangus from Plymouth ; Little, 1929, 
22-30: (as Octobothriwum m.) on the gills of G. merlangus from Ireland ; 
Gallien, 1937, 151 (as Dactylocotyle m.); Baylis, 1939, 475: (as Dactycotyle m.) 

. _ on G. merlangus from 8. Devon; Rees & Llewellyn, 1941, 391, 393: (as 
** Dactycotyle merlangi Nordmann”) on the gills of G. merlangus from 
Aberystwyth, Wales (Nov.); Brinkmann, 1942a, 10, 15, 17, 22: (as 
Dactylocotyle m.) cf. with D. macruri ; Price, 1943 6, 45: immediately after 
definition of genus in restricted sense, quotes type as Diclidophora longicollis 
Dies., but on same page and in footnote explains why the correct designation 
should be Diclhidophora merlangi (Kuhn, in Nordm., 1832); the MS. name 
of Kuhn acquires status by Art. 25 of Int. Rules and Opinion 4. There are 
numerous specimens in the author’s collection, all from G. merlangus, trom 
Plymouth (August), Grimsby (North Sea) (Jan.), and Carnarvon Bay, 
N. Wales (March). (Figs. 112 a—f herein.) 


From the figures it is seen that there is much variation in the general appearance of the worms, 
dependent on the degree of contraction or expansion of the different regions of the body, and of the 
body as a whole. In some specimens the clamps appear almost sessile, and the worms in a contracted 
state appear very dark, owing to the approximation of the granules of dark pigment scattered 
along the walls of the intestine. When they have been feeding on blood from the gill-filaments 
they appear reddish—as has been found with so many gill-trematodes, on some occasions, but not in 
others. The conditions governing blood-feeding are not known. The thickness of this sp. makes it 
impossible to determine thoroughly the relations of the genital system without examining serial 
sections, and, this has not been done here. 

The receptaculum seminis is very variable in size, and sometimes invisible. Its maximum develop- 
ment is shown in Fig. 112 a—a spheroidal body just above the transverse vitelline duct, at the junction 
with the median reservoir on its right side. Immediately above, and to the outer side of it, is shown 
a sac-like body of unknown function—the only specimen to show this. A narrow duct passes from 
the receptaculum seminis parallel to the ootype, and enters the latter at its posterior end. The vitello- 
intestinal duct is on the right towards the end. of the narrow oviduct. The rounded, rather small, 
testicular follicles are entirely behind the posterior level of the ovary and ootype : in some specimens 
they are seen to lie on the outer side of the intestinal crura, between its main side branches, as well 
as filling the inter-crural space in the median field, to very near the end of body. The intestinal crura 
are not confluent posteriorly, but their branches enter the pedicles of the clamps. The pharynx 
is very large in comparison with the small cuticular mouth-suckers on its anterior border. The 
genital corona is immediately behind the uterine pore (Fig. 112 e) and has a wide cuticularized rim and 
funnel-like base. Both appear strongly muscular. As Price points out, the hooks in this family are 
crescentric in section (1943 b, 45), so that when viewed from behind they appear double-pointed. Their 
number has been used by Cerfontaine as a specific character, but the following counts show that it is 
widely variable : 20, 21 (Grimsby), 17, 20 (Carnarvon Bay), 15, 16, 18, 18 (Plymouth). Eggs have 
only been found (singly) in specimens taken in Jan. and early March. 

In contrast to the occurrence of parasitic copepods on the gills of whiting (which have been shown 
elsewhere to be favoured by inshore conditions), monogenea on gadoids have never been taken by the 
‘ author on fishes caught inshore. They appear to be favoured by off-shore conditions, and probably 
do not occur on first-year fish. None was found on 22 G. merlangus dissected throughout the year 
(1939-1941) at Plymouth from inshore waters (length-range 6: 3-24 em.); of the 54 off-shore whiting 
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examined at Plymouth (over 24 cm. long), only two were infected : one worm on the first gill of one (Oct. 
1940), and four on the first gill of another (Aug. 1939). In a batch of 30 fish from Grimsby (Jan. 1942) 
(average 25 cm. long), two only were infected, each with a single worm on the first gill, but more than 
half the whiting examined at Bangor (in March 1943) had D. merlangi on the first gills—up to half a 
dozen on one fish—and when infestation was heavy they tended to occur on the second gill and on the 
inner face of the operculum. These fish were all caught in off-shore water in Carnarvon Bay. 


D. denticulata (Olsson, 1876) Price, 1943. 

Olsson, 1876, 10, pl. 1, figs. 13-17: (as Octobothrium denticulatum) on the 
gills of Gadus virens from Skager-Rak (Aug.)—five on two of the five fish 
examined ; distinguished by the tuft of spines on the outer half of the ventral 
face of each clamp; eggs with two polar filaments; Cerf., 1895h, 922, 
923-938, 941, 943 (and 929, 931, pl. 1, figs. 1, 5, 9, 10, 11, pl. 2, figs. 12-20, 
as Dactylocotyle carbonarii—in error for D. denticulatum), on the gills of 
Gadus carbonarius from Ostend ; states that it is always found on the second 
or third gill; also that it should be taken as the type of the genus because 
the clamps show the highest development: [Stiles & Hassall, 1908, 144 
(footnote), remark: “It is impossible to take this species as type. See 
International Code, Art. 30.]; Cerf., 1896 (id. nom.); 1898 a, 301, 305, 
307, 312, 313, 317, 318, 323, 325, pl. 12, figs. 6-9; Parona, 1899, 4 (as 
Octobothrium d.); 1902, 3 (zd. nom.), on the gills of Gadus minutus at Elba ; 
Linton, 1900, 269, 283, 286, pl. 23, figs. 6-10; 1901, 408, 414, 474: (as 
Octobothrium d.) on the gills of Pollachius virens from Woods Hole, Mass., 
U.S.A.; Stafford, 1904 (May 3), 482: (as Dactylocotyle d.) on the gills of 
Pollachius vireus |=virens| from Canada ; Cooper, 1915, 182 (as Dactylocotyle 
denticulata): record on gills of Pollachius virens from St. Mas Bay, Nova 
Scotia; Nicoll, 1915, 351 (as Dactycotyle denticulata), and 358 (as Octo- 
bothrium d.), record on the gills of Gadus virens from Aberdeen ; Little, 1929, 
22-30: (as Octobothrium d.) on G. virens from Ireland; Fuhrmann, 1928, 
figs. 10, 24, 32 f (copied from Cerf.): (as Dactylocotyle d. and D. carbonarit) ; 
Sprehn, 1933, 28: (as Dactycotyle d.) on G. virens from N. Sea area ; 
(genital corona of 14 hooks); Baylis & Jones, 1933, 629 (as Dactycotyle d.) 
from Plymouth, on the gills of Merluccius merluccius [? misidentification 
of host, for the superficially slightly similar G. virens—a mistake often 
made by non-ichthyologists];  Glalien, 1937, 151: (as Dactylocotyle d.) 
syst.; Baylis, 1939, 475: repeats record of 1933; Rees & Llewellyn, — 
1941, 391, 393: (as Dactycotyle d.) on G. virens from the Irish Atlantic 
Slope (July and Aug.); Brinkmann, 1942 a, 10 (footnote on the absence 
of a vagina), 15 (notes presence of 13 or 14 genital hooks), 23 (as Dactylo- 
cotyle d.); Price, 1943 b, 45, 46, figs. 2-3: (as Diclidophora denticulata) redescr. 
from material from Pollachius virens from Woods Hole, Mass., U.S.A. 


This description is in fair agreement with a specimen examined by the present author from the 
gills of G. virens at Plymouth in 1934 (May). In contrast to merlangi, the body proper is narrow and 
slightly tapering to a shorter ‘“‘ neck,”’ which is only about a quarter the length of the wider part of the 
body proper. The haptor is distinct from the body proper in that it is nearly parallel-sided, wider 
and oblong, bearing two longitudinal rows of pedunculated clamps. The haptor contains testes as well 
as intestinal branches and vitellaria. Price states that there are 30-40 “ lance-like ” spines on the 
outer portion of the clamp, but in the present and other specimens examined they are usually fewer than 
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30, and are very stout spines continuous with wide bulbous bases. The genital corona described 
by Price and figured. by Cerf, is said to have 13 and 14 incurved hooks respectively. In the Plymouth 
specimen there were 14 of the usual type in an incurved ring, but from the centre of it 6 long straight 
hooks with very short recurved tips were projecting ventrally from the corona proper—looking very 
much like the stamens of a flower. The egg is provided with two polar filaments, one short, recurved 

at the tip, and the other more slender and longer, ending in a crenulate disc. 


D. luscae (van Beneden & Hesse, 1863) Price, 1943. 

v. Ben. & Hesse, 1863, 111-112: (as Dactycotyle |.) on the gills of Morrhwua 
lusca from the Belgian Coast; Ed. v. Ben., 1868, 36 (as Dactycotyle luscae— 
and p. 7, as D. lusca); Taschenberg, 1879, 247, (as Octobothrium 1.) ; Braun, 
1890, 535 (as Octobothrium (Dactylocotyle) 1.); Cerf., 1895 h, 922; 1896, 
517; 1898 a, 302, 307, 312, 315-322, 326, pl. 12, figs. 1-5: (as Dactylocotyle 1.) 
on the second and third gills of Gadus luscus from Roscoff, N. France (April) — 
fairly common, but none found from 20 fish at Ostend; descr. includes a 
short vagina leading directly from receptaculum seminis to the ventral 
surface, and “generally 10 hooks” in the genital corona ; numerous eggs, 
which are ejected in a bouquet; 1899 a, 372 (id. nom.); Parona, 1899, 4: 
(as Octobothrium 1.) on Gadus minutus from Portoferraio, Italy ; Fuhrmann, 
1928, 18, fig. 25 (1): ant. end in section, after Cerf. (as Dactylocotyle 1.) ; 
Little, 1929, 22-30: (as Dactylocotyle 1.) on the gills of G. luscus from Ireland ; 
Sprehn, 1933, 28: (as Dactycotyle 1.) on the gills of G. luscus and G. minutus 
[sic] from the N. Sea area; Gallien, 1934, 68 (as Dactylocotyle 1.) : reports 
the finding of larval forms of this sp. on the gills of G. luscus from France, 
the worms at this stage bearing the larval anchors; this is the first record 
of the presence of larval anchors persisting into post-larval forms in this 
family (cf. Microcotyle); 1937, 151 (id. nom.). Brinkmann, 1942 a, 9, 12, 13, 
fig. 3 V (after Cerf.)—as Dactylocotyle l.—cf. with D. macruri (points out that 
the present sp. is the only member of the genus (sic) in which there is not a 
common genital pore); Price, 1943 6, 45 (as Diclidophora |.)—mention only. 

Apparently this form has not yet been recorded for England, but it was found by the author on the 
opposite side of the Channel, on one out of three fish (21-25 cm. long) examined at Roscoff (in Oct. 1938). 
Six specimens were found on the gills, all full of eggs—sometimes over 50 together in the distended 
uterus. The ant. filament is about the length of the egg and has a crooked end, with a stiff outwardly 
projecting tip. The posterior filament is over twice as long. There is no distinct haptor in this sp. 
The clamps are on short stalks on the sides of the wide rectangular body ; the anterior pair about 
halfway down the body, at the level of the anterior end of the ovary. At the stage of egg-laying, the 
testes were spent, but their area appeared to be not greater than that occupied by the ovarian complex ; 
and at this stage the receptaculum seminis in nearly all the worms was distended. The intestinal 
crura anastomose at about the level of the third pair of clamps. The outer sector of the ventral face 
of the clamp-capsule has a small cluster of irregular cuticularized plaques (? papillae) corresponding 
to the denticles of D. denticulata. The anterior 8th or 10th of the worm is very abruptly narrowed 
into a short “neck,” with the genital corona near the middle of its length, followed closely by the 
uterine pore. The genital hooks are more U-shaped than in merlangi, and there were 12 of them in 
the worms in which they could be counted. Of the 12 G. luscus examined from off-shore at Plymouth 
in 1940, (20-40 em. long) none had helminths on the gills. 


D. macruri (Brinkmann, 1942) comb. nov. 
Brinkmann, 1942 a, 5-12, 15, 22, figs. 1, 2, 37, 3//, 4, 6, 7a, 8a: (as 
Dactylocotyle m.) on the gills of Macrurus rupestris Gunner. from Skager-Rak 
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in July. This is the smallest member of the genus—1-25 to 3-5 mm. long 
and 0-5 to 0:75 mm. in max. width; middle third of body parallel-sided,. 
ant. third slightly tapered ; clamps arranged in an arc on the posterior third, 
on short wide peduncles ; clamps one and a half times longer than wide, and 
comparatively large, reaching to the hind border of the mass of testicular 
follicles, which is compact in the middle of the body, completely behind the 
ovary ; receptaculum seminis well below the ant. edge of the ovary—a point 
in favour of Brinkmann’s suggestion that for this reason, the shape of the 
clamps, and the small size, the sp. be placed in a separate genus, Dactylo- 
cotylides, though until greater knowledge of the related forms is obtained, he 
retains it in Dactylocotyle ; cirrus-hooks 10, 12, 13-14 in number and “ project 
laterally’; redesignated herein as Diclidophora macruri (Brinkm.), comb. noy. 


D. maccallumi (Price, 1943), comb. nov. 


it is no longer a homonym); Manter, 1926, 112-114, pl. 6, figs. 84-85: (as 
~ 


Price, 1943 6, 47, figs. 4-6 (as Duclidophoroides maccallumi—the type of a 
n. gen. created to distinguish those spp. in which the haptor is distinctly 
set off from the body proper)—a renaming of Diclidophora merlangi of 
MacCallum, 1917, (non D. merlangi (Kuhn, in Nordm.)) ; redescr. of original 
material ; (the other members of the new genus, it was suggested, might 
include Dactylocotyle phycidis Par. & Per. and also--though the reason is 
entirely obscure—Heterobothrium ecuadori [=Tagia e.| and Heterobothrium 
galapagensis |—Hemitagia g.|, the two Galapagos species described by | 
Meserve, 1938, and herein placed in a different family, Discocotylidae). 
The body proper of this sp. is widest at the mid-testicular region, in the 
posterior third. All testes are post-ovarial, and the receptaculum seminis is. 
an elongated and curved, rather large body, near the antero-lateral edge of 
the ovary, and about the size of its distal loop, in the specimen figured. The 
genital corona has 13-16 acutely bent hooks. The haptor is rectangular 
and attached dorsally to a narrow extension of the body. The clamps are 
subequal in size, on rather long wide peduncles, and the posterior pair is. 
markedly larger than the others (425-510 « wide, smallest pair 170-255 ,). 
[It is necessary, however, to examine and measure a number of specimens 
of different length-groups in order to test whether this inequality in size of 
the clamps is not due to a stage in their growth, and at the moment it is 
undesirable to attach any systematic significance to the matter. A slight 
inequality has been seen in D. merlangi—cf. inequalities, which are clearly 
due to growth being incomplete, in Hexabothriinae]. Price describes a very 
small pair of persistent anchors on the posterior edge of the haptor in this sp. 
He takes the following to be conspecific :—MacCallum,; 1917, 46-47, fig. 17: 
(as Diclidophora merlangi)—the identification was only tentative—on the 
gills of Urophycis chuss and Merluccius bilinearis from Woods Hole, Mass., 
U.S.A. ; Dollfus, 1922 a, 292-293: discussion of taxonomy, and considers 
that it is not “ Diclidophora merlangi (Kuhn)” which =Dactylocotyle m. 
(Nordm.) [sic], so that it can be retained in the genus Diclidophora [sensu 
Cerf.] with the same sp. name (according to the nomenclature of Dollfus, — 
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Dactylocotyle minor (Olss.)), on the gills of U. chuss from Mt. Desert Island, 
Maine coast, N. America: the descr. is rather vague and the figs. show a 
highly contracted specimen, with a relatively large area for the haptor 
in comparison with that of the body [cf. figs. 112c-d herein, for the 
effect of contraction]. The inequality of the clamps from before backwards 
is given by Manter as (max. sizes): (1) 188-199 wide, (2) 245-210n, 
(3) 381-228 p, (4) up to 3394; the specimens thus agreeing with MacCallum’s. 
in having the largest clamps posterior. The cuticle is said to be covered 
with minute squamules on the posterior part of the body and on the 
haptor and peduncles; there are 14-16 hooks in the genital corona; there 
was only a single non-filamented egg in the uterus, 150 « 17 (MacCallum’s 
specimens had filamented eggs). Both Manter and Price thought the following 
to be conspecific :—Stafford, 1904 (May 3), 482: (as Dactylocotyle phycidis) 
on the gills of Phycis chuss from Canada. Llewellyn, 1941 b, 422-423, fig. 6— 
transfers the sp. of MacCallum, 1917, to Choricotyle (as C. merlangi (MacCallum)), 
thus validating the specific name ; Meserve, 1938, 42 (as Diclidophora merlangi) 
—though Meserve uses Diclidophora sensu Goto, and of Cerf. [=Choricotyle]. 
The figure of the clamp in Price, 1943 6, shows a structure not quite typical 
of the genus, for the spring is very strong, as in Choricotyle. In fact, the 
ventral loop and anterior region of the clamps are quite characteristic of the 
latter genus, though the dorsal parts, 7. e., the loops comprising the “‘ middle 
piece,” are quite comparable with those of the clamps in Diclidophora Dies. 
The most important reason for not transferrmg the species herein to 
Choricotylinae is the absence, in Price’s figure (l.c., fig. 5) and description, 
of a lateral sucker within the clamp-capsule. It may be that re-examination 
of the clamp-structure in this sp. will validate the separate genus. 
Diclidophoroides Price, 1943, not on the criteria laid down, but solely upon 
the clamp-structure, which appears to be intermediate between that of the 
two subfams. 


D. minor (Olsson, 1868), comb. nov. 


Olsson, 1868, 18, pl. 4, figs. 70-71: (as Octobothrium palmatum forma minor) 
on the gills of Gadus melanostomus from Bergen, Norway (Aug.—Sept.— 
48 worms from 15 fish); 1878, 10: (as Octobothruwm minus) ; nec Octocotyle 
minor Goto, 1894 [=Kuhnia minor], nec Dactylocotyla minor Ishii, 1936— 
renamed Dactylocotyla thunni Ishii & Sawada, 1938 [=(?) Kuhnia t.]; Cerf., 
1895 h, 922; 1896, 517; 1898a, 302 (as Octobothriwum minus, which he 
transfers to “‘a species of the genus Dactylocotyle”’); St. Remy, 1898, 55 
(as Dactylocotyle minor); Gallien, 1937, 146-151, text-figs. 7-9, pl. 1, fig. 1: 
(as Dactylocotyle minus)—points out that name of host is Gadus melanostoma 
[=G. poutassow Risso|—the worms were very common on this fish dredged 
from 260 m. off the W. coast of Ireland (53° 17’ N., 13° 08’ W., June); redescr. 
length 3-5 mm. to 5-2 mm.; intestinal crura anastomosing across the 
testicular zone and in haptor; testes relatively few, rounded follicles, 
all in intercrural zone, near mid-body ; states (but does not figure it) that 
there is a short vagina from receptaculum seminis which runs ventrally to 
open on the median line; 12 sickle-shaped hooks in the corona; Rees & 
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~~ host :—G. poutassou Risso, 1826 [=G. melanostomus Nilsson, 1855]; redescr. 


D. morrhuae (van Beneden & Hesse, 1863), comb. nov. 


D. palmata (Leuckart, 1830) Diesing, 1850. 


_ficance, though the stalks of the clamps are shown to be long, arising from a 
-haptoral region distinct from the body proper ; Dies., 1858 e, 384 (as Diclido- 
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Llewellyn, 1941, 391, 393: record only (as Dactycotyle minor) on Gadus 
merlangus from the Irish Atlantic Slope, at 54° N., 11° 10’ W., in August—if 
the identifications of host and parasite are correct, this is one of the exceptional 
departures from rigid host-specificity in the subfamily ; Brinkmann, 1941 a, 
9, 12-15, 22, figs. 3111, 1V,5: (as Dactylocotyle minus); corrects name of 


from specimens found by Nybelin on 13.i.27, from Skager-Rak and on 
10. vii. 27 from N. Sea, and by Brinkmann off Bergen (type locality) : 
length 2-75-4-0 mm. and width 0-75-10 mm., but in contrast to Gallien’s 
worms, in which the haptor was a tenth of the total length, the present material 
showed it to be a fifth (Olss. found it a fifth to a sixth of the total length)— 
cf. palmatum with haptor a quarter of total length; it is a character of the 
sp. that the body narrows into the insertion of the haptor, and the “ sta 

is only 0-25 mm. long; ten hooks found in the genital corona; points out 
the misprint in Gallien’s measurement of the egg, and finds it to be 250 w long 
with ant. and posterior filaments 125 long; Price, 19436, 47: syst. (as 
Octodactylus minus) on the basis of the haptor not being distinctly set off 
from the body (sic), testes confined to post-ovarial region, and egg “‘ usually 
without polar prolongations ”’ (sic)—Price was, however, unaware of the 
detailed redescription by Brinkmann. 


v. Ben. & Hesse, 1863, 106-107: (as Pterocotyle m.) on the gills of Gadus 
morrhua from the Belgian coast; Tasch., 1879, 246 (as Octobothriwm m.) ; 
Cerf., 1895 h, 918, 920; 1896, 517; 1898 a, 303: thinks that this sp. will 
occupy a position in the genus Dactylocotyle, though he has not seen it; 
Th. Scott, 1901, 149-150, pl. 8, figs. 25, 26: (as Pterocotyle m.) on the gills 
of Gadus callarias and G. merlangus from Scotland; 1905, 118 (id. nom.) ; 
Nicoll, 1915, 358: repeat of Scott’s record from Aberdeen; Vlassenko, 
1928, 244: comp. anat. (as Pterocotyle m.); Little, 1929, 22-30: (as Dactylo- 
cotyle m.) on the gills of G. morrhua from Ireland; Gallien, 1937, 151-152 
(as Dactylocotyle m.): states that in spite of the large numbers of cod 
examined by him, none of this sp. has been found; Price, 1943 6, 47 (as 
Octodactylus morrhuae) : nots that “the form found by Th. Scott sre ee is 
probably not this species.” 


Leuck., 1830, 612: on the gills of Gadus molva from Bergen, Norway (as 
Octobothrium palmatum); 1842, 24-28, 30, pl. 1, figs. 4a-e, pl. 2, fig. 3: 
(id. nom.) on the gills of G. morrhua collected by Rapp, from Bergen (July, 
1828); Rathke, 1843, 242-244, pl. 12, figs. 12-15: (as Octobothrium digitatum) 
on the gills of Hippoglossus gigas from Norway; Diesing, 1850, 417-418: 
(as Dichdophora palmata); Dujardin, 1845, 314: (as Cyclocotyle palmata) ; 
Dalyell, 1853, 262-263, pl. 36, figs. 1-2: (as Octodactylus inhaerens) from the 
gills of the Ling, Molva molva, from British waters; the descr. is very 
vague and the figure too small to indicate features of generic” ‘signi- 2» 
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_phora p.); P. J. v. Beneden, 1858, 50, 51: ref. to Rathke’s O. digitatum: 
ef. disposition of clamps with O. merlangi, finding that they are similar, 
but not as Nordmann has shown for 0. merlangi ; objects to Diesing’s new gen. 
and retains Octobothrium; Dies., 1859c¢, 443: renamed Octoplectanum 
palmatum—congeneric with O. lanceolatum and QO. longicolle; v. Ben. & 
Hesse, 1863, 107-108, pl. 11, figs. 1-15: renamed Pterocotyle palmata 
(accepts Dalyell’s and Leuck.’s specimens as conspecific); notes that in 
the former descr. they were represented upside-down, and the posterior suckers. 
as mouths, and that the absence of oral suckers in Leuck.’s descr. was probably 
due to the age of the preserved material, the oral suckers being often 
difficult to see after the death of the worm; though not in list of Syns., 

2 considers Rathke’s worms probably the same sp.;  penis-hooks very 

small, 16, with points bifid and directed outwards; the space between the 

intestinal crura in ant. region filled with non-filamented eggs; in Feb. and 

f Dec. and at other times on the gills of Gadus molva from Belgium ; total 

F length 13 mm.; Tasch., 1879, 241, 242, 246: as Octobothrium p.; Cerf.,. 

% 1895 h, 916-917, 921, 922, 939-940, 943-944 : (as Dactylocotyle palmatum) ; 

5 1896 d, 517, 531, 534-535, pl. 23, figs. 3, 7: (id. nom.) on the fourth gill 

. (ventral side) of Gadus molva from Roscoff and the Belgian Coast; up to- 

t eleven on one fish ; 10-20 mm. long (but up to 30 mm. after death); haptor 

| rounded posteriorly, with stalked clamps in digitate group close together ; 

A 
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eggs very numerous, filling intercrural region anterior to ovary, which is at 
junction of anterior third and posterior two-thirds of body, followed by very 
numerous testes, all posterior to ovary; egg without filaments, but more 
ovoid than that figured by v. Ben. & Hesse, 212-235, long; there is a 
common genital pore surrounded by 16 hooks ; [in descr. of pl. 12, p. 555, the 
name is stated, in error, as Dactylocotyle molvae, though elsewhere in the paper 
it is D. palmatum]; 1898 a, 302, 312, 325-326: the position of this sp., 
invariably on the fourth gill, considered a specific character—cf. with location 
of other Dactylocotyle spp. ; 1899 a, 370; Th. Scott, 1897 (April), 127: (as 
Dactylocotyle p.) on the gills of G. molva from Moray Firth, Scotland; Th. 
Scott, 1901, 149, pl. 8, fig. 27: (as Pterocotyle p.) on the gills of G. molva 
from Aberdeen ; Lebour, 1908, 41, pl. 5, fig.3: (as Pterocotyle p.) on the gills 
of Molva molva from Cullercoats, Northumberland ; Nicoll, 1915, 351, 359: 
(as Pterocotyle p.) repeat of last two records ; Vlassenko, 1928, 244: comp. 
anat. (as Octobothrium p.); Little, 1929, 22-80: record (as Pterocotyle p.) 
on Molva molva from Ireland; Plymouth Marine Fauna, 1931, 100: (as. 
Pterocotyle p.) on the gills of Molva vulgaris from Plymouth (Nicoll’s record) ; 
Gallien, 1937, 151: (as Dactylocotyle p.) syst.; Rees & Llewellyn, 1941, 
392, 393: record only (as Dactycotyle p.) on the gills of Molva molva from the 
Irish Atlantic Slope (July); Brinkmann, 1942 a, 14, 15, 17, 22: (as Dactylo- 
cotyle palmatum) cf. with D. macruri; haptor only a quarter of the 
total length; 16-18 hooks in corona; syns. ; Price, 19438 6b, 45, 46-47 : 
(as Octodactylus inhaerens, conspecific with Leuckart’s Sp., which is re- 

designated Octodactylus palmata); Dalyell’s gen. is revived and his Sp. 
e taken. as the type; gen. characterised by the haptor not ‘vag’ Sarai 
ay ‘s 
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separated off from the body; testes post-ovarial and egg without polar 
filament ; footnote on p. 47 states that the form referred to by MacCallum, 
1917, on the gill of Lota maculosa from N. America, has been examined and 
is not a trematode; hence there is no record for this sp. in the New World. 
Herein designated as Diclidophora palmata (Leuck.) Dies. 


D. phycidis (Parona & Perugia, 1889), comb. nov. 


Par. & Per., 1889 a, 743-744, fig. 5 (gen. corona only): (as Dactylocotyle p.) 
on the gills of Phycis blennoides from Genoa ; fig. shows corona of eight hooks 
on solid basal shafts—the incurved points shown as bipartite at their 
origin, and the two parts meeting at the tip [? an illusion due to their crescentic 
shape in section]; whole worm 5x3 mm.; Braun, 18904, 535: syst. (as 
Octobothrium (Dactylocotyle) p.); Par. & Per., 189072, 4 (as Dactylocotyle p.) ; 
Parona, 1894 a, 135-136: (as Dactylocotyle p.) from Genoa; Cerf., 1895 h, 
922; 1896, 517; 1898a, 302: syst.—not found by Cerf., but descr. as 
Dactylocotyle p; Stafford, 1904 (May 3), 482 (as Dactylocotyle phycidis) 
[non D. phycidis (Par. & Per.)—removed to Diclidophoroides maccallumi by 
Price, 1943 (=Diclidophora m.)]; Gallien, 1937, 152: syst. (as Dactylo- 
cotyle p.); Rees & Llewellyn, 1941, 392, 393: (as Dactycotyle p.) record 
only, on gills of Urophycis blennoides from the Irish Atlantic Slope (July) ; 
Baylis, 1939, 475: record only (as Dactycotyle p.) on the gills of U. blennoides 
from 8, Devon; Price, 1943 b, 47: removes sp. to Diclidophoroides, tenta- 
tively, on the basis of the demarcation of the haptor from the body proper ; 
herein designated as Diclidophora phycidis (Par. & Per.), comb. nov. The 
recent finding of a heavy infection of this sp. on U. blennoides taken from 
deep water off S.W. Ireland (March, 1945) confirms that it is a distinct species, 
but the haptor is by no means distinct from the body, as assumed by Price 
when he proposed its inclusion in Diclidophoroides. The pedunculate clamps 
are attached along the posterior third of the body proper. The length of these 
specimens varied from 2 to 5-5 mm., and there was some variation in the 
number of hooks in the genital corona: eight hooks occurred seven times, 
ten hooks once, and nine hooks twice, in a series of ten worms. A more 
detailed study of this sp. is pending. 


D. pollachii (van Beneden & Hesse, 1863) Price, 1943. 


v. Ben. & Hesse, 1863, 110-111, pl. 11, figs. 23-30: (as Dactycotyle p.) on 
the gills of Merlangus pollachius from the Belgian Coast; 5-6 mm. long, 
with equal, rather short, stout stalks to the clamps; 12 hooks in the genital 
corona; Kd. v. Beneden, 1868, 36, pl. 1, figs. 1-6: (as Dactylocotyle p.) on 
the gills of Gadus pollachius from Concarneau, N.W. France: redescr. (good 
figs.), showing clamp-structure essentially correctly ; 12 hooks embedded in 
genital bulb by their swollen bases, and the “ double points” arching over to 
meet at their apices; egg, wide fusiform, with a crooked ant. filament (similar 
to that in D. luscae), and a very long posterior one ending in a small disc ; 
Vogt, 1878, 322-327, pl. 15, figs. 6-7, pl. 16, figs. 2-8: (as Dactylocotyle p.) 
anat. of reproductive system; 1879, 369-371, pl. 11, figs. 23-30 (id. in 
French) ; Tasch., 1879, 242, 246: (as Octobothrium p.); Montic., 1888 a, 66 (as 
Dactycotyle pollachi) ; Braun, 1890 a, 535 (as Octobothrium (Dactylocotyle) p.); 
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Cerf., 1895h, 914-915, 921, 922, 938, 941-942, pl. 1, figs. 2, 6; 1896, 
211, 516, 517, 530, 533-534, pl. 23, figs. 2, 6; 1898a, 301, 311, 312, 317, 
318, 319, 321, 324: (as Dactylocotyle p.) on G. pollachius ; adds little to the 
account of Ed. v. Ben.; length 8-13 mm.; intestinal anastomoses less 
frequent than in D. denticulatum, and occur only rarely in haptor; ovary 
slightly in front of first pair of clamps, haptor slightly wider than tapering 
body, c. a third of the total length ; testes numerous, posterior to ovary, and a 
large number occur outside the crura; genital corona of 14 hooks, male and 
female pores distinct ; Cerf. stresses importance of habitat—always on the third 
gill, crowded towards the middle of the arch, and up to five on each ; all five 
fish examined on 10. viii. 96 had this worm on the third gill—young fish c. 25 em. 
long, from Pempoul, near Roscoff; Th. Scott, 1901, 150, pl. 8, figs. 28-29: 
(as Dactylocotyle p.) on the gills of G. pollachius from Aberdeen; A. Scott, 
1901, 343: (2d. nom.) on G. pollachius from the Irish Sea; Nicoll, 1915, 351, 
358: (id. nom.) repeat of Scott’s records; Vlassenko, 1928, 244: comp. anat. 
(as Dactylocotyle p.) ; Little, 1929, 22-30: (as Dactylocotyle p.) on G. pollachius 
from Ireland; Sprehn, 1933, 28 (as Dactycotyle p.); Gallien, 1937, 151: 
(id. nom.) syst.; Brinkmann, 1942 a, 15, 22: (as Dactylocotyle p.) cf. with 
D. macruri; notes corona hooks 9-14, normally 14; Price, 19436, 45: 
incl. in Diclidophora s.s. as Diclidophora pollachiit (v. Ben. & Hesse)— 
designation adopted herein. 
Gen. et sp. ing. :—‘‘ Octobothrium esmarkii”’ of Th. Scott, 1901. 

Th. Scott, 1901, 146, pl. 8, fig. 22: a single specimen on the gills of Gadus 
esmarkw Nielss., caught c. 60 miles S.E. of Sumborough Head, Shetland, in 
Sept., 1900; the body is figured in a contracted state, as an oval, with four 
similar pairs of clamps arranged along the margins of the posterior half, 
which is scalloped between them ; the truncate hind margin bears a pair of 
moderate-sized anchors with incurved tips; there is a narrow “ neck ”’ region 
separated from the rest of the body by deep lateral clefts [doubtless due to 
contraction—not unlike the effect in fig. 112d herein]; two oral suckers 
are shown and a somewhat thistle-shaped structure [=? pharynx, ? genital 
bulb and corona]; no other details are given other than it is “not 4 mm. 
long by c. 2 mm. in max. breadth” and that “the cupules [clamps] are 
similar to those of ‘Plewrocotyle scombri”’ [=Grubea cochlear]. On the basis 
of the general outline, the worm undoubtedly belongs to Diclidophoroidea, 
and because of the host it is possible that it may belong to the genus 
Diclidophora, though it is unusual for anchors to be retained in these forms— 


7 they appear proportionally larger than those in D. maccallumi. 

4 Dactylocotyle sp. of Linton, 1905 d, 321-428: on the gills of Brevoortia tyrannus 
a : from N. Carolina; Price, 1943 6, 47: considers that this may be a new sp., 
: and it may not belong to Diclidophora Dies., but the information is too 


inadequate for a decision to be made. 
_Diclidophora sp. of Linton, 1905 d, (ibid.): on the gills of Orthopristis chrysopterus 
from N. Carolina. The brief descr. is inadequate for a decision to be 
_ made as to its systematic position, in the opinion of Price (1943 6, 47). 
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CHORICOTYLINAE, subfam. nov. 


New status, herein, for family Choricotylidae Llewellyn (1941 6, 416-419), 
which is its synonym; also exactly equivalent to Diclidophoridae Fuhrmann 
(1928, 29), though it is extremely inconvenient that Fuhrmann’s name now has to: 
be used as inclusive of this subfam. and of the gen. Diclidophora Dies., 7. e., part. 
of Fuhrmann’s Octocotylidae. This confusion, resulting in the misunderstanding 
of the taxonomy of the latter genus (originally by Goto, 1894), has been discussed 
above under the fam. name. The subfam. is also syn. with Diclidophorinae of 
Cerf. (1895), and Monticelli (1903, 336), who gave it official subfam. status, and 
with the genus Diclidophora of Goto (1894)—the latter author having described an 
assemblage of species congeneric with Choricotyle v. Ben. & Hesse (sensu lato), 
which have since been separated into distinct genera included in the present. 
subfamily. 


Key to the Genera of Choricotylinae, subfam. nov. 
1. Haptor separated from body proper by a very long isthmus devoid of either 


testes or ‘vitellaria’y vagina absent..\). 01. ...0 5» pees ole re Mest no artes enre Heterobothrium. 

Haptor not so separated from body proper : vagina present or not ......... 2. 

2. Testes both anterior and posterior to OVATY .......002cceescecssecancrsees 3. 
‘Testes: not anterior: to OVATY iu is. «6 +m 0s bcs win sled 6's ns oe ge ee ee 4, 

3. Single Jateral vagina present... 22. 6.4.5 0040s sone ns one see ae yee Echinopelma. 
Vagina absent). i ce syck's » pls ess sos whe ples o+)ace ol ase tenn wi Cyclobothrium. 

4, Two lateral vaginae present)... 6... nes se wid a woe,» ee eel Diclidophoropsis. 
Vaginad absent tits. 5 08 oa. ess cana eee bury b ¥en ae ee SON gen etme ae ee Choricotyle. 


Subfamily diagnosis.—Diclidophoridae bearing four pairs of “ clamps” which 
may be unequal in size: each is homologous in structure with those of other 
Diclidophoroidea, but the segregation of the muscle-fibres into a sucker on the 
inner side of the anterior-dorsal region of the clamp-capsule has caused the clamps. 
to be opened out, and the spring to be more or less asymmetrical and developed 
so as to act in opposition to this sucker, the whole apparatus here acting, not as a 


“clamp,” but as a reinforced sucker. Vaginae exceptionally present. Testes. 


occasionally may extend into the pre-ovarial region. 
Type genus: Choricotyle van Beneden & Hesse, 1863. 


Price (1943 b, 44, 48) in his recent account of North American Diclidophoridae, has revived the 
genus Cyclocotyla Otto, 1823, to replace Choricotyle v. Ben. & Hesse, 1863, taking Cyclocotyla bellones 
as the type. The original figure and description of this are so vague, however, that it is impossible 
to find characters of generic significance in it ; and that Price takes the outline to resemble “ Cyclo-. 
bothrium charcoti Dollfus, 1922 ’’—itself so poorly described that it is only possible to say that it 
belongs to the present subfam.—is not sufficient justification for reviving it. Furthermore, no worm 
of this nature has since been found on the “ Hornhecht ” [=Belone belone], so that it must remain 
sp. et gen. ing. [see p. 500], and its revival is not accepted herein. In accordance with his action, 
Price has had to create a new subfam. name, Cyclocotylinac, which becomes a syn. of Choricotylinae 
herein. In the same work Price creates two new genera for Choricotyle spp.: Cyclocotyloides (with 
C. pinguis (Linton) as only sp.), on the basis of the absence of genital hooks, which is here considered 
an invalid generic character, since in other families it has only been regarded as of specific value, 
and Neoheterobothrium Price, 1943, represented by NV. cynoscioni (MacCallum) and N. affine (Linton), 
and characterized by the absence of vitellaria in the haptor. This character is, by itself, hardly of generic — 
value, as vitellaria are absent from the haptor in Cyclobothrium spp. and in Heterobothrium tetrodonis.. 


‘pes, yeaa 
7 
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-and, as Price remarks, the presence of a terminal lappet in these two species is a character in common with 
several Cyclocotyla spp. [=Choricotyle], including the type sp. N. cynoscioni is therefore returned 
to Choricotyle, and N. affine, on account of its similarity to H. tetrodonis, is incorporated in Hetero- 
bothrium Cerf., char. emend. 


-Choricotyle van Beneden & Hesse, 1863. 


- 
ak? = 


Type species: Choricotyle chrysophryi v. Ben. & Hesse, 1863. 


v. Ben. & Hesse, 1863, 96, 109: (monotypic, with C. chrysophryt) ; Montic., 
8, 11, 86, 89, 99; Par. & Per., 1889 a, 743 (as Choricotile) ; 1889 b, 76-80 
(as Mesocotyle, n. subgen.—monotypic, with M. squillarum); Cerf., 1895 h, 
915, 916, 920 (as Dichdophora [sensu Goto, 1894 nec Dies., 1850 sensu]) ; 


1895 m, 130, 134, 137, 139, 140, 141, 142-143: (id. nom.); 1896, 516, 542, 


545, 546, 547, 548, 549-550: (id. nom.); Goto, 1894, 201-202, 207-215, 
256-257: (as Diclidophora [non sensu Dies., 1850]), syst.; 4, 9, 10, 13, 14, 
16, 22, 23-25, 37-38, 44, 48-49, 50, 51, 52, 53, 57, 59, 67, 68, 75, 76, 78, 79, 
82, 83-84, 85, 90, 93, 94, 101, 105, 107, 109, 111, 115, 118, 119, 121, 122, 123, 
131, 139, 145, 149, 151-152, 162, 177, 182: comp. anat. (incl. Cyclobothrium 
Cerf. and Heterobothrium Cerf.) ; Montic., 1903, 336: Choricotyle as syn. of 


_ Diclidophora [sensu Goto]; MacCallum, 1917, 46-50: n. spp. (as Diclido- 


phora [sensu Goto]); Dollfus, 1922 a, 287-296; 1922 b, 348-352: (as Diclido- 
phora [sensu Goto]) discussion of relationships; n. sp. (as Cyclobothrium) ; 
Fuhrmann, 1928, 7, 8, 13, 17, 20, 22: comp. anat.; figs. 5, 8: unspecified 
form—whole worm and clamp—tfrom an isopod ; p. 29, syst. (as “‘“Diclidophora 
Goto ” | =sensu Cerf.]); Gallien, 1937, 26-28: (as Diclidophora [sensu Cerf.]) 
tax. discussion in which Diclidophora Dies. is suppressed; Sprehn, 1933, 
11, 27: follows Fuhrmann, but designates gen. as “‘Diclidophora Diesing ”’ ; 
Price, 1936, 12 (as Choricotyle=Diclidophora auct., non of Dies., 1850) ; 
Llewellyn, 1941 a, 397-405: (as Choricotyle=Diclidophora sensu Cerf.) 
taxonomy and redescr. of type sp. from fresh material; 1941 6, 416-430: 
study of gen. and relationships, key to spp., and spp. reviewed, with outline 
figs.; Meserve, 1938, 42: (as ““Diclidophora Dies.’’) key to genera of subfam. ; 


Brinkmann, 1942 a, 16-21, 22: syst. (as Diclidophora [sensu Cerf.]); Price, 


1943 6, 48-50: (as Cyclocotyla, in Cyclocotylinae subfam. nov.) key to 


related genera and redefinition—‘‘ Haptor distinctly set off from body proper, 
suckers either subsessile or pedunculated, more or less equally spaced. 


Genital atrium non-muscular; cirrusarmed; testes post-ovarial; vagina 


absent, and vitellaria extending into haptor—type: C. bellones Otto ’’— 


excluding Cyclocotyloides Price and Neoheterobothrium Price [see mote on 
p. 486]. 

Generic diagnosis.—Choricotylinae in which the haptor is not separated 
from the body proper by a long isthmus. Though not usually containing 
testes, it usually contains vitellaria, and probably always branches of the 


e intestine, the crura of which have usually become confluent near the level 
_ of the first pair of “‘ clamps.” Testes all post-ovarial. Cirrus usually armed 


with a corona of similar hooks. Vaginae absent. Parasites of Percomorphi 


(especially of Sparidae), and sometimes of Crustacea in the mouths of 


these fishes. 
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C. chrysophryi van Beneden & Hesse, 1863. 

v. Ben. & Hesse, 1863, 109-110, pl. 11, figs. 16-22: on the gills of Chryso- 
phrys aurata from the Belgian coast (May, Aug., Sept.) ; Tasch., 1879, 247: 
(as Octobothrium c.); Montic., 1888, 11, 16: (as C. chrysophris); Par. & Per., 
1889 a, 743: (as Choricotile c.); Cerf., 1898 a, 303: (as C. chrysophryit) ; 
Llewellyn, 1941 a, 397-405, figs. 1-7: (as C. chrysophryt) on the gills of 11 
out of 60 specimens of Pagellus centrodontus from Irish Atlantic Slope (July, 
Aug.); redescr. with anatomical details ; demonstrates presence of a narrow 


Figures 113 a-g. 


\ 


a-c: Ohoricotyle chrysophryi—a, Complete worm, ventral view; 6, “‘ Hypothetical diagram ”’ of 
clamp of “right side in antero-dorsal isometric view”; c, Posterior clamp of left side, ventral 
view (after Llewellyn). d-f: C.elongata—d, One of the left clamps, ventral view (after Yamaguti); 
e, Genital hook, partly in profile ; f, Base of genital hook “‘ viewed from the front ’’ (after Goto). 
q: C. cynoscioni—Terminal lappet, bearing two pairs of anchors (after Price). ; 


terminal lappet, which is without trace of anchors, and the absence of a vagina ;. 
gen. corona of eight or nine hooks ; 1941 b, 419-420, figs. 1,5; Price, 1943 b, 
49: (as Cyclocotyla chrysophryi) ; herein reinstated as type of gen. Choricotyle, 
[? syn. C. pagelli (Gallien), ¢.v.] (figs. 113 a—c). 
C. caulolatili (Meserve, 1938), comb. nov. 

Meserve, 1938, 43-44, pl. 5, figs. 13-15: (as Diclidophora c.) on the gills of | 
Caulolatilus princeps from Tagus Cove, Albemarle and Chatham Islands, 
Galapagos Islands ; said to be like C. neomaenis, for in both spp. the anterior 


—_ 


/ 
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pairs of clamps are larger than the posterior pair, but the present sp. has 
56-65 testes and 13 genital hooks (cf. 25 testes and 12 hooks in C. neomaenis) 3. 
Price, 1943 b, 49 (as Cyclocotyla c.); designated herein as Choricotyle c. 

C. (2) charcoti (Dollfus, 1922) Llewellyn, 1941. 

Dollfus, 1922 a, 287-296, figs. 1-3: (as Cyclobothrium c.) on the body of a 
female Cymothoa (Meinertia) oestroides Risso, from the inside of the mouth 
of Trachurus trachurus caught during the cruise of ‘ Pourquoi-pas ?’ off 
Gijon (Oviédo), in the Port of Musel (July, 1914); the external anatomy of a 
highly contracted specimen is described, and the figures show, from the 
clamp-structure, that it probably belongs to this genus (?) ; 1922 6, 348-352, 
figs. 14 (id. nom.) : a further superficial descr. based on two other specimens 
which are considered to be the same as the first; collected at Monaco by 
Monod, from the mouth of Box boops, in which they were attached to the 
body of Meinertia oestroides; the fig. suggests that the testes are entirely 
in the posterior region, behind the ovary—which excludes the sp. from Cyclo- 
bothrium [q.v.]; six genital hooks are shown, and an elongated, parallel- 
sided egg, with very short filaments at the poles; it is possible that the worm 
may be conspecific with the specimens of Taschenberg (1879, 245) from the 
same isopod in the same fish (Naples), and designated by him Octobothrium 
merlangi v. Nordm.; moreover, Mesocotyle squillarum Par. & Per., from 
what little is known of it, may also be conspecific (vide C. smaris, p. 492) ; 
Sprehn, 1933, 28 (as Cyclobothriwm c.); Llewellyn, 1941 b, 424, fig. 7: (as 
Choricotyle c.) “confirms” this designation by reference to what is considered 
an identical sp., in Fuhrmann, 1928, 3, fig. 5—a fig., without description, 
of a member of this subfam.—from a marine isopod; Price, 19436, 49 
(as Cyclocotyla c.); herein regarded as a sp. ing., provisionally of 
Choricotyle. 

C. elongata (Goto, 1894) Llewellyn, 1941. 

Goto, 1894, 210-212, pl. 10, figs. 9-10, pl. 11, fig. 8, pl. 12, figs. 1-2: (as 
Diclidophora e.) in the mouth cavity of Pagrus tumifrons and ‘‘ sometimes 
on the Cymothoa parasitic in the mouth cavity” from Mogi, nr. Nagasaki 
(July), and at Hakodate (Aug.), Japan; body gently tapering from the 
region of the ovary, which is behind the middle of the body ; testes almost 
enter the haptor ; intestinal crura confluent in a posterior loop opposite to 
the third pair of clamp stalks, giving off a branch to each of the stalks, which 
are disposed radially ; genital corona of eight hooks; Meserve, 1938, 42 
(as Diclidophora e.); Yamaguti, 1938, 27-28, pl. 4, figs. 15-16: (as Diclido- 

- phora e.) on the dorsal surface of Meinertia oxyrhynchaena Koelbil, which 
was in the mouth of Pagrosomus unicolor from the Inland Sea, Japan ; 
redescr.; Llewellyn, 1941 6, 420, 422, fig. 11 (as Choricotyle e.): summary 
of descr.; Price, 19436, 49 (as Cyclocotyla e.); herein designated Chori- 
cotyle e. (Goto)—figs. 113 d-f. 

CO. cynoscioni (MacCallum, 1917) Llewellyn, 1941. 

MacCallum, 1917, 48-49, figs. 19, 19a: (as Diclidophora c.) on the gills of 
Cynoscion regalis from Woods Hole, Mass. ; Dollfus, 1922 a, 293 : ref. only ; 
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Gallien, 1937, 27: ref. only; Price, 1936, 13: transfers sp. to Hetero- 
bothrium—no comment made in this summary; Llewellyn, 19416, 423, 
fig. 10: (as Choricotyle c.) summary of characters as originally given ; 
Brinkmann, 1942 a, 25, footnote (7): (as Diclidophora c.) uncertain genus ; 
Price, 1943 6, 51-52, figs. 15-18: (as Neoheterobothrium c.) re-examination 
of type and other material; body narrow and elongated, tapering into a 
palmate haptor [there is a short region free of vitellaria in front of the haptor, 
which, in the opinion of some, may justify its inclusion with Heterobothrium | 
tetrodonis ; but in view of the marked similarity in form of the two spp. 
here placed in Heterobothrium Cerf., it is thought preferable to place cynosciont 
in the gen. Choricotyle, as it has so much in common with C. prionoti]; testes 
occupy the posterior two-thirds of the body, and immediately in front of 
them is a relatively large receptaculum seminis—just posterior to the ovary, 
which is within the ant. third of the body; genital corona of eight hooks ; 
an exceptional feature is the short rectangular lappet between the last pair 
of haptoral peduncles, bearing two pairs of anchors, the inner with straight 
shafts and small sickle points (28 to 30, long), and the outer pair very 
small and simple (124 long); Frayne, 1943, 387-389, figs. 2, 7: redescr. 
from new material on C. regalis from Norfolk, Virginia ; cf. reynoldsi (q. v.) ; 
Fujii, 1944, 155: notes Manter’s finding this sp. on the type host in 
N. Carolina, and agrees with Price’s designation as Neoheterobothrium c., 
though he mentions Frayne’s finding vitellaria in the haptor (which, by 
definition, would exclude it from Price’s genus). It is designated herein as 
Choricotyle cynoscioni (MacCallum) Llewellyn.—Fig. 113 g. 
C. hysteroncha (Fujii, 1944), comb. nov. 

Fuji, 1944, 154-155, figs. 6-8: (as Cyclocotyla h.) on the gills of the 
following fishes from Tortugas, Florida :—Bathystoma striatum (type host), 
Brachygenys chrysargyreus and Haemulon flavolineatum; distinguished by the 
very small number of testes (6 or 7), relatively large pharynx and persistent 
anchors on a minute terminal lappet; the anchors have long shafts and 
sickle points, measuring in all only 27. No vagina and no eggs were seen. 
The genital pore is immediately behind the intestinal bifurcation and is 
armed with a coronet of 6 to 8 bifid (sic) hooks. Vitellaria fill most of the 
body and haptor. 

C. labracis (Cerfontaine, 1895) Llewellyn, 1941. 

Cerf., 1895 m, 126-142, pl. 3, figs. 1-15: (as Diclidophora I.) on the gills of 
Labrax lupus from White Bank, North Sea; 1896d, 535-537, 539, 540, 
548, 550, pl. 25, figs. 1-15: (id. nom.) body form comparatively wide and 
short with a bluntly rounded ant. end; haptor palmate with rather large 
clamps and thick stalks; ovary in middle third; a terminal lappet present, 
without anchors, and eight hooks in the genital corona; 1899 a, 371, 412: 
nes (id. nom.) ; Sprehn, 1933, 12 (as Diclidophora l.); Meserve, 1938, 42 
(as Diclidophora l.); Llewellyn, 1941 6, 422, fig. 3: (as Choricotyle l.) summary 

of specific chars. ; Biot 1943 b, 49 (as Cyclocotyla l.). 
©. marionis St. Loup, 1885. 


St. Loup, 1885, 176: on the gills of Maena vulgaris from the Mediterranean. 
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This sp. must remain very doubtful until it can be redescribed—it has not 
_ been figured. 
C. multaetesticulae (Chauhan, 1945), comb. nov. 

Chauhan, 1945, 136-139, 153 (in key to spp.), figs. 11-13: (as Cyclocotyla 
m.) on the gills of Pellona sp. from Bombay ; vitellaria and a united intestinal 
caecum entering the haptor; the subequal clamps borne on long stalks, 
those of the posterior pair being united for more than half their length ; 
eight hooks in the genital corona. 

C. pagelli (Gallien, 1937) Llewellyn, 1941. 

Gallien, 1937, 22-26, 28, text-figs. 5-6, pl. 1, fig. 4: (as Diclidophora p.) 
on the gills of Pagellus centrodontus off the W. Coast of Ireland (53° 17'N., 
13° 08’ W., at 260 m.); Llewellyn, 1941 b, 424-425, fig. 4 (as Choricotyle p.)— 
“the synonymy of C. pagelli and C. chrysophryi must be considered.” 
[The resemblance between these two spp. is very striking, particularly 
in view of the redescription of the type sp. by Llewellyn, which Gallien 
could not use when erecting his sp. In Gallien’s material the anterior 
peduncles of the haptor appear to be continuous along its anterior margin, 
v.e., anteriorly the haptor is free from the body and not continuous with it 
as in Llewellyn’s material (cf. Fig. 113. a herein), but this may be a result 
of contraction in the posterior region in Gallien’s specimens. Since, however, 
Llewellyn must have taken this into consideration, it is proposed to accept 
his judgment herein, and to retain Choricotyle pagelli as a provisional sp. 
It is to be noted that Llewellyn’s material came from the same host caught 
in the same vicinity, Irish Atlantic Slope, 54° N., 11° 10’ W. and 52° 25’ N., 
12° W., at 120-250 fath.]; Brinkmann, 1942.4, 24 (as Diclidophora p.); 
Price, 1943 b, 49 (as Cyclocotyla p.). 

C. pinguis (Linton, 1940), comb. nov. 

Linton, 1940, 13-14, pl. 15, figs. 197-199: (as Diclidophora p.) from the 
mouth of Albatrossia pectoralis in the N.W. Pacific (June), at 482 fath. Some 
measurements are given, and it is said that the testes are numerous and 
“‘ fill a wide median space between the ovary and a point near the posterior 
end of the body.’ The fig. of the clamp leaves no doubt as to the subfamily 
position, and the general facies are strongly suggestive of Choricotyle spp., 
though the present information is insufficient to be certain of the generic 
position; Brinkmann, 1942 a, 25, footnote 8: (as Diclidophora p.); Price, 
1943 b, 52: (as Cyclocotyloides p.) examination of the (fragmentary) material 
from Linton’s collection ; finds that there is nothing to add to the descr., 

¢ but on account of a muscular genital atrium in place of a corona of hooks, 
makes it the type of a new genus (monotypic)—differing from Choricotyle 
spp. in this respect only. The generic distinction is here given only specific 
{ status. 
C. prionoti (MacCallum, 1917) Llewellyn, 1941. 
MacCallum, 1917, 47-48, fig. 18: (as Diclidophora p.) on the gills of Prionotus 
carolinus from Woods Hole, Mass. ; this sp. resembles Echinopelma neomaenis 
in shape, though there are more numerous testes, reaching nearly to the end 
of the body, and the peduncles and clamps are all of the same size; there are 
382 
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13 genital hooks, acc. to MacCallum; Llewellyn, 1941 6, 423, fig. 8 (as Chori- 
cotyle p.); Brinkmann, 1942a, 25, footnote 7: (as Dichdophora (?) p.) 
possibly not congeneric with the other ‘“‘ Diclidophora spp.”; Price, 
1943 6, 49-50, fig. 10: (as Cyclocotyla p.) redescr. of original (co-type) 
material—corrects host-name: Merulinus carolinus ; ovary slightly anterior 
to mid-body ; vitellaria extend from in front of the genital pore (in front of 
which the body is constricted slightly) to the posterior end of the haptor ; 
Price finds only ten hooks in the genital corona, and thinks MacCallum 
must have been mistaken in counting 13 [this is not necessarily so, in view 
of the variation in number of genital hooks in other members of the family, 
and Price appears to have examined only the co-types]. 


C. reynoldsi Frayne, 1943, 383, 386-387, 388, figs. 1, 3-6, 8-12: on the gills of 


Oynoscion nebulosus from Virginia ; cf. C. cynoscioni, to which it is closely 
related, both spp. having a large lobate post-ovarian receptaculum seminis 
and a palmate haptor bearing long peduncles, attached to the body by a 
short isthmus; also there is a terminal lappet bearing a pair of small anchors ; 
the body in C. reynoldsi is shorter and broader and has a relatively larger 
haptor ; nine genital hooks are present, in contrast to seven in C. cynosciont ; 
Fujii, 1944, 155: suggests that this sp. should take its place along with 
Neoheterobothrium cynoscioni (MacCallum) in Price’s genus, which he con- 
siders valid (he cites the combination N. reynoldsi (Frayne, 1943)). [It is 
difficult to see on what grounds this stands, because he notes that vitellaria 
enter the haptor in C. cynosciont, and the remaining generic (?) character— 
the lappet and anchors—is common to C. hysteroncha Fujii.] 


C. (2?) smaris (Ijima in Goto, 1894) Llewellyn, 1941. 


Goto, 1894, 207-210, text-fig. 1: (as Diclidophora s.) description based 
on MS. notes from Ijima, in which the sp. was named Octobothrium 
smaris; fig. by Ijima, from a specimen collected by Max v. Brunn, 
from the caudal segment of a Cymothoa sp. in the mouth cavity of Smaris 
vulgaris from the Gulf of Naples; Dieckhoff (1891, 250) refers to what 
Goto considers to be this sp. (as Octobothrium merlangi Nordm., q. v.) 
in his discussion on the presence of a vitello-intestinal canal in the latter 
species; Par. & Per., 1889 6, 76-80, pl. 10, fig. 1: (as Mesocotyle squillarum) 
found on the ovigerous lamellae of Bopyrus squillarum Latr. by Valle, at 
Trieste ; 1890, 19 (note); 1890 h, 241 (note): (id. nom.); consider 
it possible that this sp. belongs to the genus Dactycotyle [=Diclidophora 
Dies.], and maintain it in its original status of subgenus; Montic., 1890, 
420-421 (note): considers that Par. & Per.’s sp. is identical with ‘“‘Octocotyle 
merlangy Kuhn” ; on finding Octobothriwm merlangi Nordm. (sic) on Gadus 
merlangus at Wimereux, mentions that this sp. was very common on Cymothoa 
oestroides at Naples. [His identification is, however, doubted by Cerf.]; 
Cerf., 1898 a, 302-303: draws attention to the striking similarity between 
Par. & Per.’s original figure of Mesocotyle squillarum, and that of Ijima in 
Goto: in the general form of the body, the disposition of the haptoral 
peduncles, the mode of ramification of the intestinal crura, the number of 
genital crochets, and in the identical habitat. This leads him to conclude 
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that, at least, they are congeneric. In the present incomplete state of our 
knowledge of these hyper-parasitic choricotylids (other than C. elongata), 
it is herein considered expedient to group together the spp. mentioned here 
as spp. ing. In addition to this category, there are the doubtful OC. charcoti 
(Dollfus), Fuhrmann’s figured ‘“‘Diclidophora sp.” and some of the specimens 
of Taschenberg (1879, 245), named Octobothrium merlangi, which were partly 
from a cymothoid in the mouth of Box boops from Naples. Gallien, 
1937, 27: is of the opinion that (Mesocotyle) squillarum is a syn. of smaris 
(Goto) ; Meserve, 1938, 42 (as Diclidophora smaris) ; Llewellyn, 1941 6, 420, 
fig. 12: (as Choricotyle smaris), though he does not venture an opinion on 
Mesocotyle squillarum; Brinkmann, 1942 a, 22—23, 24 (footnote 1): (as Diclido- 
phora smaris) denies that this sp. is identical with D. merlangi (Kuhn), 
as he mistakenly thinks that Goto believed; Price, 1943 6, 49: considers 
Goto’s and Par. & Per.’s species separate—as Cyclocotyla smaris and 
Cyclocotyla squillarum respectively (in footnote 8, he states that the correct 
nomenclature for the former should be “OC. smaris (Ijima, in Goto, 1894)’. 
Cyclobothrium Cerfontaine, 1895. 
Cerf., 1895 m, 141, 142, 144-145; 1896 d, 548, 550-551: (monotypic, with 
C. sessilis (Goto)) created for those spp. of Diclidophora [sensu Goto, 1894] 
in which the clamps appear to be arranged in a semi-circle, without stalks, 
round the posterior edge of the haptor; Montic., 1903, 336: in subfam. 
Diclidophorinae sensu Cerf., 1895 [—Choricotylinae]; Dollfus, 1922 a, 290- 
291: taxonomy, and adds n. sp. [=Choricotyle charcoti (Dollfus)]; 1922 6, 
351-352 : further discussion on n. sp., but overlooks one of the gen. chars. 
—the presence of pre-ovarial testes—and suggests that C. charcoti is inter- 
mediate between Diclidophora of Cerf. and Cyclobothrium, without giving 
reasons for this; also suggests that charcoti may represent a new gen. ; 
Llewellyn, 1941 b, 425-426: revision and redefn.; suggests omission of certain 
criteria from Goto’s diagnosis—including “lobed receptaculum seminis ” ; 
Brinkmann, 1942 a, 18, 25: accepts gen.—in list; Price, 1943 6, 47 (key), 
50-51: defn. No emendation in the concept of the gen. is made herein. 
Generic diagnosis.—Choricotylinae in which the haptor is not separated 
from the body proper, and the “ clamps ” (typical of the subfam.) are arranged 
along its posterior border in an arc. Vitellaria and intestinal branches 
; = usually not extending into haptor. Testes both posterior and anterior to 
the ovary, which is usually near the mid-body level. Genital corona present. 
Vagina absent. Eggs widely ovoid, with a posterior filament, which is very 
4 long and regularly coiled. 
Type species: Cyclobothrium sessile (Goto, 1894) Cerf., 1895; emend. 

©. sessile (Goto, 1894) Cerfontaine, 1895 ; emend. 

Goto, 1894, 212-213, pl. 10, figs. 5-8, pl. 11, figs. 1-7, pl. 12, figs. 3-4: 
(as Diclidophora sessilis) in the mouth-cavity of Choerops japonicus—also a 
young specimen on the gill—from Mitsugahama, Iyo, Japan (Aug.); Certf., 
1895 m, 141, 142, 145; 1896d, 548, 551: as Cyclobothrium sessilis—type 
of new gen.; Dollfus, 1922, 290; 19226, 351-352: accepts the nomen- 
__ elature of Cerf.; Yamaguti, 1938, 28, pl. 4, fig. 17: (as Cyclobothrium sessilis) 
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on the gills of Semicossyphus reticulatus from the Inland Sea, Japan ;: 
redescr. of some details ; notes the presence of a rudimentary terminal lappet: 
(without hooks); testes extend to the genital pore, in front of the ovary, 
in two elongated groups which are confluent behind the receptaculum seminis,. 
and extend as far as the first pair of clamps; six hooks in the genital corona ; 
egg with a long spirally coiled filament ; Llewellyn, 1941 6, 426, fig. 15: (as. 
Oyclobothrium sessilis); Brinkmann, 1942 a, 21, 24, 25: (id. nom.) ; Price, 
1943 b, 50-51: (id. nom.). Dr. Baylis (personal communication) points out. 
that the name should be emended to sessile, for the sake of agreement. 
(Fig. 114 6 herein.) 


Figures 114 a-c. 


a: Cyclobothrium semicossyphi—Complete worm, ventral view. b: C. sessile—Clamp, ventral view = . 
ce: O, invistii—Clamp, ventral view (after Yamaguti). 


C. must Yamaguti, 1937. 

Yam., 1937, 18-20, pl. 4, figs. 25, 24: on the gills of Iniistiws dea from the 
Inland Sea, Japan; the few pre-ovarial testes (3 to 6) extend only about. 
halfway between the ovary and genital pore; the posterior follicles (17—23 
extend forwards to the sides of the receptaculum seminis, and there is a. 
wide band of vitelline follicles behind them; genital corona of six hooks ; 
ovary slightly behind the middle of the body, which is relatively longer, 
though otherwise somewhat similar to that of C. semicossyphi ; Llewellyn, 
1941 b, 426, fig. 16; Brinkmann, 1942 a, 26: in list; Price, 19436, 51:. 
as a valid sp. (Fig. 114 c herein.) | 

C. semicossyphi Yamaguti, 1938. 

Yam., 1938, 28-29, pl. 4, fig. 18: on the gills of Semicossyphus reticulatus 
from the Inland Sea, Japan ; anterior testes 10-20, at the sides of the uterus, 
and 20-40 follicles at the sides of the ovary and receptaculum seminis; also- 
an elongated group to the end of the intestinal crura; genital corona of six. 


/ 
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hooks; Llewellyn, 1941 6, 426, fig. 17; Brinkmann, 1942a, 26; Price, 
1943 6, 51. [It is to be noted that iniistii is only about a third of the length 
of the type sp., and the present sp. about half the (linear) size of the type sp.]. 
(Fig. 114 @ herein.) 

_Echinopelma Raecke, 1945. 

Raecke, 1945, 302: erected for those spp. which resemble Cyclobothriwm 
in the distribution of the testes, and Diclidophoropsis in having a vagina 
which, however, is single and dorso-lateral. 

Generic diagnosis.—Choricotylinae in which the haptor is sharply distinct 
from the body, with pedunculated clamps, each with two muscular pads, 
one of which is spinose; the posterior pair of clamps being smaller and 
unequal. Terminal lappet absent. Ovary coiled. Receptaculum seminis 
pre-ovarian, with its cavity partly divided by septa. Single vagina present, 
opening in the lateral field on the dorsal side. Ootype posterior to the ovary. 
Vitellaria extending into the haptor (as do the caeca, in all probability). 
Testes 45-60, anterior, lateral and posterior to the ovary. 

Type species: Echinopelma bermudae Raecke, 1945. bs 

EE. bermudae Raecke, 1945, 300-305, figs. 1-3: on the gills of a “ Margate ” 
| (probably Haemulon album) from Bermuda. 
: i. neomaenis (MacCallum, 1917) Raecke, 1945. 
MacCallum, 1917, 49-50, figs. 20 a—b: (as Diclidophora n.) on the gills of 
Neomaenis analis from Key West, Florida; Meserve, 1938, 42 (as Diclido- 
: phora n.): cf. with [Choricotyle| caulolatili; Llewellyn, 19416, 423-424, 
fig. 2: (as Choricotyle n.) summary of characters; Brinkmann, 1942 a, 25 
(footnote 8): (as Diclidophora n.) cf. with C. pinguis; Price, 1943 6, 49-50, 

figs. 7-9: (as Cyclocotyla n.) redescr. of the single type specimen ; elongated 

body with gonads in the middle third; haptor, with sub-equal clamps, 
clearly set off from the tapering body ; some vitelline follicles accompany 
the branches of the gut into the haptor ; clamp-skeleton apparently showing 
unusual fusions of sclerites (inadequately described), and clamp-sucker said 
to be represented by a “ fleshy linguiform pad” in the anterior median 
region of the clamp-capsule ; no lappet or anchors observed ; genital corona 
with 12 hooks; name of host corrected to Lutianus analis (Cuv. & Val.) ; 
Raecke, 1945, 304: re-examination of the type specimen shows that the 
descriptions of MacCallum and of Price need revision ; testes occur anterior 
to the ovary, and their number approximates to that for H. bermudae ; 
what was described as the shell-gland is really the receptaculum seminis. 
The skeleton of the clamps is also the same as in E. bermudae, and in each 
there is a corona of 12 double-based spines. It is probable that further 
material from ZL. analis will show that these two spp. are identical, but 
provisionally Raecke records them as separate. 
_ Diclidophoropsis Gallien, 1937. 
| Gallien, 1937, 28: erected for D. tissiert on the basis of the presence of 
two lateral vaginae, which distinguish it from all other genera of Diclido- 
__ phoridae. They are reminiscent of the similar structures in Discocotylidae, 
rm _ though the clamp-armature and’ haptoral pattern place the genus in 
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Diclidophoridae, Choricotylinae; Llewellyn, 19416, 427-428: accepts 
Gallien’s definition, and (p. 425) suggests that Dactylocotyle (Choricotyle) 
taschenbergii might find a place in this genus—though he has not seen the 
original description; Brinkmann, 1942a, 25: accepts gen. and makes a 
similar suggestion; Price, 19436, 52: accepts only the type sp., without 
comment. 

Generic diagnosis.—Choricotylinae in which the haptor is not separated 
from the body by a long vitellaria-free isthmus, but contains intestinal 
branches and vitellaria which also pass into the rather long stalks of the 
‘clamps.’ Haptoral armature uniform in all clamps. Testes all postovarial. 
Genital corona non-muscular, with uniform spines. Two vaginal pores present 
near the margins of the body close to the genital pore; the canals meeting 
almost at the same level and continuing as a median duct to join the 
oviduct near its junction with the vitello-intestinal canal. 


Type species: Diclidophoropsis tissiert Gallien, 1937. 


Figures 115 a-c. 


a-c: Diclidophoropsis tissieri—a, Complete worm, ventral view ; b, Genitalia, ventral view—middle 
portions of genital ducts omitted ; c, A hook from genital corona (after Gallien). 


D. tissiert Gallien, 1937. . 
Gallien, 1937, 15-19, 27-28, text-figs. 2-4, pl. 1, figs. 2, 5-7: on the skin, 
near the gills, of Macrurus laevis caught off S.W. coast of Ireland (at 260 m.) ; 
the transverse vaginae and their lateral pores made conspicuous by a 
slight constriction of the margins at these points; the transverse vitelline 
duct also conspicuous immediately anterior to the ovary. The numerous 
testes, in about four longitudinal rows, extend from the ootype to some short 
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distance in front of the haptor. The intestinal crura are confluent as a loop 
in the haptor and give off branches to the stalks. They are accompanied by 
vitellaria, which form a transverse band behind the testes. The genital 
corona is unique in the family, being composed of c. 128 bent hooks, apparently 
not of the same crescentic type as in Choricotyle spp. Eggs with polar 
filaments. Young forms (not described or figured) were found with the 
adults ; Llewellyn, 1941 6, 428, fig. 18: as the only valid sp. ; Brinkmann, 
1942 a, 23 (footnote 3): syst.; Price, 19436, 52: as the only sp. (Figs. 
115 a-c herein.) 
D. taschenbergit (Parona & Perugia, 1889), comb. nov. 
Par. & Per., 1889 a, 743 : (as Choricotile t.) on the gills of Sargus rondeletii 
from Genoa ; 1890 c, 6, footnote 6: (as Choricotyle t.) ; 1892 a, 95-96, pl. 2, 
fig. 4, pl. 3, fig. 3: diagnosis of 1889 repeated, with the addition of figs. 
and notes on anat.; the vaginae are very conspicuous circular pores 
some way in front of the genital pore—the fig. of the latter shows eight hooks, 
not nine as previously stated, and these are composed of a stout basal piece 
which projects a little beyond the insertion of the curved pointed distal 
piece ; the subgen. status of Choricotyle is stated and the sp. designated 
Dactylocotyle (Choricotyle) t.; Parona, 1894 a, 136 (id. nom.), 704 (as Dactylo- 
cotyle taschenbergi); Cerf., 1895 h, 922, 923 (as Dactylocotyle t.); 1896 c, 
517-518 (id. nom.) : notes uniqueness of vaginae; Gallien, 1937, 152: leaves. 
the sp. incertae sedis; Llewellyn, 1941 6, 425: suggestion that it may belong 
to present gen.; Brinkmann, 1942 a, 23 (footnotes 2, 3): (as Dactylocotyle 
taschenbergi) suggests its place in the present gen., though does not use 
the combination adopted herein; Meserve, 1938, 42 (as Diclidophora t.) ;. 
Price, 1943 b, 49 (as Cyclocotyle t.). 
Heterobothrium Cerfontaine, 1895. 

Cerf., 1895 m, 141, 142, 145-146: (monotypic, with H. tetrodonis (Goto)) 
erected for those Diclidophora [sensu Goto] spp. in which the armature of 
the anterior pair of suckers is inversely orientated compared with the others, 

; and the posterior part of the body is greatly elongated ; Cerf., 1896 c, 538, 
a 551-552: formal definition which is as restricted as a specific defn.—includes. 
7 the sessile condition of the suckers and the restriction of the testes to a small 

region behind the ovary ; also mentions that there is no posterior anastomosis. 
‘ of the intestinal crura; Montic., 1903, 336: in the subfam. Diclidophorinae 
[sensu Cerf. =Choricotylinae]; Dollfus, 1922 a, 290: summary of chars. ; 
Price, 1936, 13: adds Diclidophora cynoscioni MacCallum and D. affinis 
(Linton) to this gen. without giving reasons in this summary; Meserve, 
1938, 44-46 and in key: defines genus as essentially with sessile clamps, 
and with only a few testes posterior to the ovary—characters not regarded 
as of generic value herein; two new spp. are added by Meserve which have 
nothing in common (except the sessile “ suckers ”’) with the type sp. [herein : 
=Tagia n.g. and Hemitagia n.g. in Discocotylidae]; Llewellyn, 1941 6, 
425, 426: repeats original defn. with omission of the separate intestinal 
erura; Brinkmann, 1942a, 25 (as monotypic gen.); Price, 19436, 51: 
redefined; no ref. to his suggestion (1936) of additional spp., but removes. 
‘vou xxv.—part iv. No. 40.—1946. 37 
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Meserve’s spp. to Diclidophoroides Price [=Diclidophora Dies., partim]— 
as a monotypic genus. Owing to the very strong similarity between the type 
sp. and Linton’s Octoplectanum affine, the latter is included in the gen., as 
herein understood, the diagnosis of which is modified accordingly. The inverse 
orientation of the anterior clamps is a unique feature of the type sp. It is 
not figured very clearly and is provisionally omitted from the generic criteria. 
Generic diagnosis.—Choricotylinae in which the haptor is separated from 
the body proper by a long isthmus devoid of testes and vitellaria. Uterus 
at least half as long as body proper. Testes all post-ovarial. Vaginae q 
absent. Intestinal crura extend into haptor but are without anastomoses. | 
Type species: Heterobothrium tetrodonis (Goto, 1894) Cerf., 1895. 
HH. tetrodonis (Goto, 1894) Cerfontaine, 1895. | 
Goto, 1894, 213-215, pl. 10, figs. 14: (as Diclidophora t.) on the gills of | 
Tetradon spp. from Hagi, Japan (Aug.); clamps of the usual type 
and sessile, the posterior pair slightly smaller and the anterior pair 
with the skeletal parts reversed in an antero-posterior direction. The 
elongated isthmus carrying the haptor contains only sparsely-branched 


Figure 116. 


Heterobothrium tetrodonis—Complete worm, ventral view (after Goto). 


intestinal crura, which are not confluent, but extend to the end of the haptor 
between the last pair of clamps. The uterus is very voluminous and contains 
exceedingly numerous eggs, which causes it to protrude as a ventral median 
ridge on the body. The penis is armed, with what Goto refers to as hooks 
of a special character, though these are not described or figured. These 
peculiarities lead Goto to suggest that it may come to occupy a separate 
genus ; Cerf., 1895 m, 141, 142, 146: (as Heterobothriwm t.) the type of a new 
genus; 1896c, 548, 552: (id. nom.); Meserve, 1938, 44: cf. with Hetero- 
bothrium ecuadort Meserve [=Tagia e. herein]; Llewellyn, 19416, 427, 
fig. 13: makes an erroneous ref. to Goto stating that the penis hooks are 
double-pointed. [On p. 214, l.c., Goto merely gives the number of hooks 
as ten, and the other refs. (p. 93, J. c.) are general descriptions of the hooks 
of the subfam. Choricotylinae (=genus Diclidophora of Goto)]; Brinkmann, 
1942 a, 25: as valid sp.; Price, 1943 b, 51: as sole representative of genus. 
(Fig. 116 herein.) 
H. affine (Linton, 1898) Price, 1936. 

Linton, 1898 c¢, 511-512, pl. 40, figs. 10-13, pl. 41, figs. 1-5: (as Octo- 
plectanum affine) from the mouth of Paralichthys dentatus from Woods Hole, 
Mass., U.S.A. ; 1901, 408, 414, 482 (as Diclidophora affinis) ; Price, 1936, 13: 
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without comment, transfers this sp. to Heterobothrium; Linton, 1940, 
13: (as Diclidophora affinis) reports the finding of other specimens of this sp. 
on the same host at Woods Hole; Llewellyn, 19416, 422, fig. 9: (as. 
7 Choricotyle affine); Brinkmann, 1942a, 24, footnote 4: (as Dactylocotyle 
ey affinis); Price, 19436, 51, figs. 11-14: (as Neoheterobothrium affine—type 
of gen.), differing from Heterobothrium only in the normal orientation of 
the anterior pair of clamps (see note, p. 498, herein); redescr. from type 
material; length 11-20 mm.; isthmus, or posterior elongation of the 
body, at least one and a half times the length of the latter ; haptor c. a third 
of the length, and about the same width, as the body proper, bearing rather 
large subequal clamps on wide stalks, and ‘‘ between the peduncles. 
of the posterior pair of suckers is a small projection or ‘languette’ . . 
apparently bearing two pairs of hooks”’. It is said that though the latter 
were missing their insertions were clearly seen. The intestinal ramifications 
cease with the vitellaria at the end of the body proper and continue as. 
4 unbranched crura into the haptor. Numerous testes present, and the genital 
corona consists of 12-16 inwardly curved hooks. A new record by Melugin 
from (1940), on Paralichthys lethostigmus from Louisiana, is reported. Price 
a  (p. 51, 1. c.) suggests that Octobothrium leptogaster [=Chimaericola |. (Leuck.) 
Brinkmann, Chimaericolidae] is congeneric, and uses comb. Neohetero- 
bothrium |.—a regrettable error. 


APPENDIX TO CHORICOTYLINAE. 
Pedocotyle MacCallum, 1913. / 
MacCallum, 19136, 256: n.n. pro Podocotyle of MacCallum, 1913, non 
Podocotyle Duj., 1845—a gen. of Digenea [the name was altered in MS. in 
the off-prints of paper 1913 a, which were circulated by MacCallum]; 1913 a, 
411-414: monotypic, with P. morone); Llewellyn, 1941 6, 428: defn.—as. 
incertae sedis; Fuhrmann, 1928, 29: in Diclidophoridae | —Choricotylinae] ; 
Brinkmann, 1942 a, 26: as a valid sp. in Dactylocotylidae ; Price, 1943 b, 
52: defn.—as an anomalous genus, allied to Cyclocotylinae. 

Generic diagnosis.—Choricotylinae with the characters of Choricotyle, 
except for the anomalous haptor. Three pairs of stalked clamps are borne 
on the sides of the body, arising near together just behind the testes, but 
beyond them the body is continued, at the same width, into an appendix 
of about a third the length of the body proper, carrying vitellaria (probably 
obscuring the intestinal branches) to a short distance in front of the rounded 

') posterior end. Near this end are borne the fourth pair of clamps, apparently in 
an immature, unemerged, condition, and much smaller than the stalked pairs. 

Type species: Pedocotyle morone MacCallum, 1913. 

_ P. morone (MacCallum, 1913) MacCallum, 1913. 

MacCallum, 19134, 411-414, figs. 5-8: (as Podocotyle m.) on the gills of 

Morone americana from the Atlantic Coast of N. America (Dec.); 1913 6, 

256 (as Pedocotyle m.) : correction in name due to preoccupation of Podocotyle 

by Duj., 1845; Llewellyn, 1941 b, 428-429, figs. 14 a-c : (as Pedocotyle m.\ 

summary of characters; related to Choricotyle and allied genera, but ot 
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uncertain position; Fuhrmann, 1928, 29, fig. 36 (copy of original); Price, 
1943 b, 43, fig. 19: redescribed from original material; notes that clamp 
armature is similar to that of C. cynoscioni, and that even the posterior 


Figures 117 a-c. 


-a-c: Pedocotyle morone—a, Complete worm, ventral view; 6, Sclerites of pedunvulated suckers 5 
c, Sclerites (crushed and distorted) of the small terminal suckers (after MacCallum). 


pair are of similar structure, though they appear different owing to their 
being crushed in mounting; measurements are given, and Price finds that 
there are 10 inwardly curved hooks in the genital corona; the receptaculum 
seminis is behind the ovary and to the right of the middle line; the ootype 
lies between the latter and the ovary in the mid-line, surrounded by numerous 
unicellular glands. (Figs. 117 a—c herein.) ' 
Cyclocotyla bellones Otto, 1823 (gen. et sp. ing.) | 
Otto, 1823, 300-302, pl. 41, figs. 2 a-c: on the surface of the body of . 
““Hornhecht”’ [= Belone belone] from Naples; the generic name Cyclostoma 
is also used (p. 302, /. c.) [but this is preoccupied by Cyclostoma Lamarck, 1801— 
a gen. of gastropods]; also the name Octostoma (p. 302, l. c.), but Cyclocotyla 
has page-precedence over this, and therefore Octostoma Otto, 1823, falls as a 
syn. [non Octostoma of Kuhn, 1829—the suggested name for [Mazocraés] 
alosae [Herm.], [Kuhnia] scombri Kuhn [n. comb.], and “ Polystoma”’ spp. 
auct. with eight suckers on the haptor]; Baer, 1826a, 126, 687, pl. 32, 
fig. 9: (as Cyclocotyla bellones Otto); Nordmann, 1832 a, 78, 80 (as Octo- 
bothrium b.); Nordm., in Lamarck, 1840, 600 (id. nom.) ; Crepl., 1839, 291: 
(as Cyclocotyla belones) [Leuck., 1842, 31 (note “ +f”), agrees with this 
spelling, as it is a correct transliteration of the Greek word Belone. Notwith- 
standing the truth of this, according to Int. Rules, Art. 19, the original 
orthography must be retained]; Leuck., 1842, 30-31, 48: considers that it 
is congeneric with Octobothrium Leuck., 1827, and therefore should be 
relegated to synonymy, and similarly Cyclocotyla lanceolatum of Zaringer, 
1829, becomes Octobothrium 1. (Z.) [=Discocotyle sagittata (Leuck.), q. v.], 
which is preoccupied by Octobothrium 1. (Leuck., 1827) [=Mazocraés 
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alosae Herm., 1782]. Leuck. gives no description of Cyclocotyla bellones ; 
Dies., 1850 a, 419: (as Cyclocotyla bellones) gen. defn., and notes that the 

. worm has been found only by Otto [no other records have been traced 
up to the present time—Feb., 1946]; Dies., 1858 e, 372: (idem); Price, 
1936, 13: states that he has revived the gen. Cyclocotyla Otto; 1943 6, 
48-49: reinstates gen. as type of subfam. [syn. Choricotylinae herein and 
Choricotyle v. Ben. & Hesse]. This revival is not accepted herein owing to 
the impossibility of deducing any characters of generic value from the original 
descr. and figs. of Otto’s species (vide note on p. 486). 


HEXOSTOMATIDAE Price, 1936. 


Price, 1936, 13: “ The genus Hexostoma Rafinesque (syns. Hexacotyla Blainville, 
Hexacotyle Blainville, and Plagiopeltis Diesing) has been made the type of the 
new family Hexostomatidae”’; Price, 19436, 44: includes Hexostomatidae in 
his defn. of Diclidophoroidea, and in the key to the fams. the implied defn. of 
the fam. is that the “framework of haptoral suckers consists of 3 pieces ”’ as in 
“Fig. 1 F.” In the present work the fam. has also been incorporated in the 
diagnosis of the superfam. Diclidophoroidea (see p. 377 and key, p. 378). It is 
suspected that the three irregular and asymmetrical pieces composing the clamp- 
skeleton in this fam. are homologous with the three main sclerites in Chimaeri- 
colidae (p. 379, note, and Sproston, 1945 6). The musculature is similarly 
divided into three main bundles attached to the three sclerites, and the clamp- 
capsule has become fortified round the edges by the deposition of radial ‘‘ prismatic 
fibres” of Goto (1894) and of Bonham & Guberlet (1937, 282-283)—-see Figs. 118 h-i 
herein (cf. Figs. 82 d—e). The general anatomy is conformable with that of other 
members of the superfamily. The intestine is regularly reticular, as in a single 
[?]example in Microcotylidae, Microcotyle reticulata Goto, and reaches to 
both ends of the body. The ovary is extensively coiled, and at the same time 
bent in the form of an inverted “U,” as has already been seen in certain 
Microcotyle spp. and in Anthocotyle (Fig. 97a). As in Discocotylidae, there is a 
strong tendency to asymmetry in the arrangement of the posterior suckers— 
some may be suppressed, and the posterior pair is usually very much reduced. 
Between them the larval anchors are usually retained throughout life. There is 
one genus only, and the few species are all clearly closely related, and are parasites 
of scombroids all over the world. The syns. of the fam. include: Octobothrii E. 
Blanchard, 1847, 330-331, partim; Polystomeae Leuck., of Tasch., 1879, partim ; 
Octocotylidae v. Ben. & Hesse, 1863, partum (and auct., incl. Fuhrmann, 1928, 
29-30, partim); Octobothriidae Tasch., 1879, 235, 236, 238, partem; Plagio- 
peltinae Montic., 1903, 336—subfam. of Octocotylidae, containing Plagiopeltis 
Dies. [—Hexacotyle Blainv., 1828, —Hexostoma Raf.] [non Hexacotylidae Montic., 
1899, 1045-1053, the subfams. of which are Diplobothriinae (—Diclibothriinae 
Price—in Hexabothriidae), and Plectanocotylinae (in Discocotylidae herein) ]. 

Family diagnosis.—Diclidophoroidea, usually with four pairs of sessile “ clamps ” 
which have been modified to form cuticular suckers containing three irregular and 


| dissimilar sclerites (two, often bipartite, on either side of the lateral wall of the 
capsule, and one, superficially X-shaped, in the middle). The posterior pair are 
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usually reduced in size, and of the other pairs two or more may be absent on 
one side, and they may be unequal in size. Two pairs of anchors are usually 
persistent between the posterior pair of suckers, but there is no terminal lappet— 
they are attached directly to the hind margin of the body, which serves as the 
haptor. Cuticular mouth-suckers present, and a regularly reticulate intestine. 
The reticulum can be seen to arise from two main crura, which do not give off 
branches in the median region, occupied by the reproductive system, but the 
branches are confluent posterior to the testes. Vitellaria extend from the region 
of the genital pore to just posterior to the testes. The latter are in numerous. 
follicles entirely posterior to the inverted U-shaped ovary, which is markedly 
plicated. Common genital pore usually unarmed, just in front of the median 
dorsal vaginal pore (usually armed) in the anterior third of the body. The short 
median vaginal canal divides into two lateral canals which join the vitelline ducts. 
posterior to the ovary. Parasites of scombroid fishes. 
Type genus: Hexostoma Rafinesque, 1815. 

Hexostoma Rafinesque, 1815. 

Raf., 1815, 151: erected for Polystoma thynni Delaroche, 1811 [non 
Hexastoma Rud., 1809, which included Polystoma integerrimum (Frdl.) 
and P. pinguicola (‘Treutler)—an arachnid]; Blainville, 1828 a, 570-571: 
(as Hexacotyla, also (ibid.) Hexacotyle); [non Hexacotyle of Nordm., 1840: 
=Diclybothrium Leuck., 1835]; [non Hexastoma Kuhn, 1829, 358 (=Polystoma 
Rud., in contradistinction to Octostoma of Kuhn, 1829 [=Mazocraés Herm. 
and Kuhnia n. g.])]; Nordmann, 1832 a, 60, 62,69: (as Polystoma—together 
with Polystoma integerrimum); Nordm., in Lamarck, 1840, 600: (as Hexa- 
cotyle Blainv.—in which he includes also H. elegans (=n.n. pro “Diklibothrvum 
crassicaudatum Leuck. in Kollar, 1836” [=Diclybothrium armatum Leuck..,. 
1835]), and P. ocellatum, but apparently not P. integerrimum); Leuck., 1842, 
13-14.(footnotes (ff) and (*)): analysis of taxonomy of Hexacotyle Blainv., 
and quotes Blainville’s diagnosis in full, noting that it includes P. ocellatum 
Rud., as well as P. thynni Delaroche (=P. duplicatum Rud.); also notes 
that the gen. Hexabothrium was added by Nordm., in Lamarck, 1840, as: 
nn. pro Polystoma appendiculatum (Kuhn); Diesing, 1850a, 416-417: 
erects Plagiopeltis for Polystoma Delaroche and Hexacotyla Blainv.; 
diagnosis [incl. “for the first time,’ according to Goto, (1894, 216) the 
fourth pair of suckers. This is not so, and doubtless Dies. obtained his. 
information from Dujardin (1845, 318), who gives a specific diagnosis incl. 
“Corps . . . élargien arriére, oui se trouvent les six ventouses rangées transversale- 
ment, avec deux papilles intermédiares ...’’]; Diesing’s diagnosis includes 
“Acetabula ventralia octo ... singula acetabulum transverse ellipticum 
margine involutum, centrali minus, includentia’’: he includes one sp., “P. 
duplicata Dies.” ; Dies., 1858 e, 368-369 (id. nom.) ; Tasch., 1879, 239, 249-250: 
(as Hexacotyle Blainv. (syns : Polystoma Delaroche, Plagiopeltis Dies.) ; notes. 
(p. 254) that Heaacotyle of Nordm., 1840, is in part syn. of Diplobothrium 
Leuck. ; in diagnosis he repeats the error of the presence of only six suckers ;. 
Par. & Per., 1889 a, 742—743 (as Octocotyle—descr. n. sp.) ; Par. & Per., 1890 g,. 
195 (footnote): ref. to type sp. and to Octocotyle thunninae n, sp., which. 
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has eight suckers; Montic., 18907, 1-5): (as Plagiopeltis); describes eight 

suckers; Par. & Per., 1892 a, 91-95: redescr. of P. duplicata and of 

O. thunninae; St. Remy, 1892, 411-412: (as Hexacotyle, in key to Octocotylidae); 

defined as having suckers in a single series on the end of the worm, the 

middle pair much smaller than the others; Goto, 1894 a, 215-217: history 

; of gen. (as Hexacotyle Blainv.) ; comp. anat.: 4, 9, 10, 12, 13, 14, 15, 16, 22, 
: 25-26, 43, 44, 48, 50, 51, 56, 57, 58, 59, 67, 68, 75, 90, 91, 97-98, 99, 100, 
; pte 106) 109,191,116, 121, 122,126, 127, 132, 133, 139, 145, 147, 151, 152, 
160, 162, 166, 169, 181; key, 257; defn. is too restricted in the light of 

newer spp.; 1896 (1895), 352: states that he has “fixed” the name 

of the gen. as Hexacotyle Blainv.; Cerf., 1895h, 920 (as Hexacotyle) ; 

1896 c, 515: states that Par. & Per., 1890, and Goto, 1894, both use 


» Hexacotyle Blainy., and relegate Plagiopeltis Dies. to synonymy; does not 
: ' mention that Par. & Per. (1892) revive the gen. Plagiopeltis Dies. in 
4 place of Hexacotyle; Cerf., 1899 c, 391 (id. nom.); St. Remy, 1898, 556 
: (as Hexacotyle) ; Goto, 1899, 273-274 (as Hexacotyle), redescr. of sp. ; Nicoll, 


1915, Poche, 1926, Fuhrmann, 1928, and Sprehn, 1933, all use Hexa- 

; cotyle Blainv.—in Octocotylidae ; Price, 1936, 13: revives Hexostoma Rat., 

* in favour of Hexacotyle—according to the law of priority ; Meserve, 1938, 47: 
(as Hexostoma) general notes, but with over-simplified description of the 
three parts of the sucker-skeleton ; Dawes, 1940 a, 271-272: (as Hexacotyle) 
traces history of gen. back to Blainv. only ; descr. of n. sp. and anat. detail, 
also (1940 b) the process of egg-laying. 

Generic diagnosis.—Hexostomatidae with the characters ‘of the family. 

Type species: Hexostoma thynni (Delaroche, 1811) Raf., 1815. 
1. thynni (Delaroche, 1811) Rafinesque, 1815. 

Delaroche, 1811, 271-272, pl. 2, figs. 3a-c: (as Polystoma t.) on the gills 
of Thynnus brachypterus (—Scomber thynnus) from the Balearic Isles, Mediter- 
ranean; Raf., 1815, 151 (as Hexostoma t.); Rud., 1819 a, 125, 438-439, 
pl. 2, fig. 6 (copy of fig. 3, Delaroche): (as Polystoma duplicatum); Blainv., 
1828 a, 571 (as Hexacotyla thynni and Hexacotyle t.); Nordm., 1832 a, 62 
(as Polystoma t.); Nordm., in Lamarck, 1840, 587, 600 (as Hexacotyle t.) ; 
Duj., 1845 a, 318-319: (as Polystoma duplicatum) descr. in which he is the 
first to mention the fourth pair of suckers, as small papillae [but neither he nor 
Diesing mentions the anchors between them]; Dies., 1850 a, 417: (as Plagio- 
peltis duplicata) monotype of n. gen., for which he cites the syns. above 
[except the names used by Raf., and by Nordm. in 1832]; 1858 a, 69, pl. 1, 

‘ figs. 1-3: redescr. (id. nom.); 1858 e, 369: repeat of defn. (id. nom.) ; 
Tasch., 1879, 250: (as Hexacotylet.); gives syns. as far back as Blainv. and 
follows orig. defn., but mentions only six suckers ; record from Pelamys sarda 
at Naples; Par. & Per., 1890, 15, (footnote): descr. type and mention eight 
suckers (as Hexacotyle t.); Montic., 1890, 195 (1d. nom.) : with eight suckers ; 

as 1890 a, 418, 537, 538 Ke nom.); 1891 d, 421 we ecsoimied aah 
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_ having dentate edges, and a dorsal vagina with hooks [this is the first good 


descr. of the type sp., and has not been improved upon since]; Linton, 1901, 
414, 446, figs. 296-298: (as Hexacotyle t.) on the gills of Sarda sarda from 
the Atlantic coast of N. America; Parona, 1899 a, 3-4; 1902, 3: (as Hexa- 
cotyle t.) on Pelamys sarda from Portoferrajo, and on Thunnus thynnus 
from Elba, Mediterranean ; Nicoll, 1915, 352, 366: (as Hexacotyle t.) from 
outside Brit. waters; Linton, 1940, 15 (as Hexostoma t.)—in ‘“‘ Hexasto- 
matidae Price, 1936” [=Hexostomatidae Price]—record of one specimen 
from the mouth of Sarda sarda from N. America; Dawes, 1940 a, 271, 272,. 
276 : (as Hexacotyle t.) comp. anat. and cf. with H. extensicaudum. 


H. acutum (Goto, 1894), comb. nov. ; emend. 


Goto, 1894 a, 217-220, pl. 12, figs. 5-7, pl. 13, figs. 1-3, pl. 14, figs. 1-5: 
(as Hexacotyle acuta) on the gills of Thynnus sibi at Hagi, Osatsube (Hokkaido), 
Japan; in this sp. the posterior margin of the body is nearly straight and 
the suckers are borne along the margin with their long axes nearly vertical ; 
the larger pair of anchors is solid; Dawes, 1940 a, 271, 272, 274, 276: (ad. nom.) 
comp. anat. and cf. with H. extensicaudum. Dr. Baylis (personal communica- 
tion) emends the name to Hexostoma acutum for the sake of agreement. 


H. dissimile (Yamaguti, 1937), comb. nov. ; emend. 


Yam., 1937, 20-22, pl. 4, figs. 26-28: (as Hexacotyle dissimilis) on the: 
gills of Thynnus thynnus from Numadu, Siduoka Pr., Japan (April); body 
elongate, parallel-sided, mucronate at anterior end and with a truncate, slightly 
rounded posterior end, which shows a peculiar asymmetry: on the left, 
lst, 2nd and 3rd suckers of increasing size, and on the right only the large 
3rd sucker developed at the side of the 4th minute pair; genital pore 
unarmed ; vagina opening a little behind it, provided on either side with a. 
dense mass of tissue covered dorsally with short blunt spines; numerous 
eges in utero, 250 x 1604, with a slender process c. 270 pu at each pole ; 
Dawes, 1940 a, 271, 272: (id. nom.) cf. with H. extensicaudum. Dr. Baylis 
(personal communication) emends the name to Hexostoma dissimile for the 
sake of grammatical agreement. (Figs. 118 g-7 herein.) 


H., euthynni Meserve, 1938. 


Meserve, 1938, 47-48, pl. 6, figs. 22-24: on the gills of Huthynnus alletteratus 
from James Island, Galapagos Islands; the descr. of the suckers appears 
to be over-simplified ; said to differ from the other spp. ‘“‘ in the chitinous 
skeleton of the posterior suckers: each has three X-shaped bars parallel 
to the anterior-posterior axis of the body—the sucker is divided into two by 
the long bar separating the two sides and the short one imbedded in the lateral. 
wall of each side.” 


H. extensicaudum (Dawes, 1940). 


Dawes, 1940 a, 271-286, figs. 1-6: (as Hexacotyle e.) on the gills of Thunnus 
thynnus from the North Sea, The anterior region of the spathulate body is. 
expanded, and there is another expansion just in front of the subtriangular 
haptor. The three anterior pairs of suckers are arranged with their long 
axes perpendicular to the margin of the posterior end. The small posterior 
pair of suckers are at the tip of the body, with the two pairs of anchors between. 
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them. The penis is unarmed, but the vagina has a number of conspicuous 
tubercles. Anat. details are given and comparisons made regarding the 
relative sizes of the suckers and anchors in other spp. Correlations are 
= indicated, which may be looked for in other groups of trematodes which are 
3 as nearly related as those in the genus Hexzostoma. The effect of these worms 
4 on the gill-tissue, in evoking a hyper-secretion of mucus, is investigated 


el ee 


Figures 118 a-i. 


Se eee ee 


a-f: Hexostoma grossum—a, Complete worm, ventral view (the vitellaria overlying the reticulate 
intestine are indicated on one side only); 6, Middle region, showing genitalia, ventral view ; 
c, d, e, Anterior, middle and posterior sclerites, respectively, of one of the larger armoured suckers ; 
f. An anchor of the large and small pairs on the haptor (after Goto). g-i: H. dissimile— 
g, Posterior quarter of worm, ventral view, showing the lack of two of the larger suckers on the right 
side ; h, One of the median, smaller suckers ; 7, One of the larger haptoral suckers (after Yamaguti). 
(c-f: All drawn to the same scale.) 


histologically ; Dawes, 19406, 287-295, figs. 1-3 (id. nom): the study of 

the formation of the egg-capsules in this sp. supports the recent views that 
it is the secretions of the vitellaria, and not of Mehlis’ gland, that is the 

_ main source of shell-material in the eggs of trematodes. The whole process 

is described, and a suction-chamber is discovered at the proximal end of the 

un EXV. —parT Iv. No. 41.—1946, 3U 
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oviduct, demarcated by two sphincters—this insures the expulsion of single 
eggs in a well-spaced sequence. The eggs have two short filaments. The 
emended designation adopted herein is Hexostoma extensicaudum (Dawes, 
1940). 


H. grossum (Goto, 1894), comb. nov. ; emend. 


Goto, 1894 a, 220-222, pl. 12, fig. 8, pl. 13, figs. 4-6, pl. 14, figs. 6-7: (as 
Hexacotyle grossa) on the gills of Thynnus sp. from Misaki, Japan (Aug.) ; 
very similar to H. acutum, the two sides of the haptor being slightly 
inclined to each other, and the larger anchors hollow; those of the 
smaller pair “‘2”’-shaped; total length 18 mm.; Ishii & Sawada, 1938, 
235 (id. nom.): correct name of type host to Parathunnus sibi, and redescribe 
the sp. from fresh material from the gills of Katsuwonus vagans and Thunnus 
orientalis; also found on Seriola quinqueradiata—all from Japan; the 
following details given, but no figures :—length 14-7—-18-6, width 3-5-4-2 mm. ; 
oral suckers 28 x66 4; pharynx 12048 w; genital atrium 217 183 pv; 
vaginal pore 217 x 250; outer suckers 551 x 450 w, inner suckers 140 x 200 p ; 
outer pair of anchors 68-100, long (Goto’s measurement, not counting 
curvature was 126); inner anchors 24-36 long (Goto gives 40 ,); 
eges 116X250, with a filament at both poles 250-334, long; Dawes, 
1940 a, 271, 272, 274, 275, 276: (id. nom.) cf. with H. extensicaudum. Dr. 
Baylis (personal communication) emends the specific name to grossum. 
(Figs. 118 a—f herein.) 


H. macracanthum Fujii, 1944, 153-154, figs. 1-5: on the gills of Huthynnus alletter- 


atus from Tortugas, Florida; body elongated and nearly parallel-sided, 
with a slight constriction in the middle quarter, 3-6 to 4-2 <0-77 mm.; four 
pairs of posterior suckers arranged symmetrically near posterior lateral 
edges, the three anterior pairs 0-22 x 0-32 mm., posterior pair 0-14 x0-22 mm. 
(a good fig. of the cuticular pieces); two pairs of anchors 108-120, and 
24. long; 34-36 testes arranged more or less regularly in a double row; 
large receptaculum seminis near the right posterior margin of the ovary ; 
dorsal vaginal pore (just behind: the unarmed genital atrium) guarded by 
two boat-shaped cuticular pieces with denticulate edges; from this level 
the vitellaria extend backwards to the beginning of the posterior third of the 
body, ending just anterior to the end of the testicular field ; egg 103-187 » x 
44-51 uw, with a short anterior and a longer posterior filament—about the 
length of the egg. Considered to resemble H. euthynni Meserve, but differing 
from it mainly in the size of the posterior pair of suckers, their cuticular 
pieces, the number of testes, and the length of the egg-filaments—especially the 
anterior. The present sp. has the largest anchors in proportion to body-size. 


HI, thunninae (Par. & Per., 1889), comb. nov. 


Par. & Per., 1889 a, 742-743, fig. 4 (showing genital armature consisting 
of two denticulate jaws) : (as Octocotyle thunninae) from the gills of Thynnus 
thunnina at Genoa (July); 1890, 6: (id. nom.) repeated record; St. Remy, 
1891 a, 15: (as Octobothrium (Octocotyle) t.); Par. & Per., 1892a, 91-93, — 
pl. 2, fig. 2 (whole worm figured for first time), pl. 3, fig. 10 (anchors figured 
for comparison with those of Plagiopeltis duplicata); the larger anchors 
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shown to be much thicker, with finer recurved tips, and the smaller 
sickle-, not awl-shaped (as Octocotyle ¢.); Goto, 1896, 352: “fixes” 
the name of this sp. as Hexacotyle thunninae; Goto, 1899, 273-274, 
pl. 20, figs. 13-15: (as Hexacotyle t.) re-examination of the type specimen 
‘ (mounted by Parona); considers that this belongs to the genus Heza- 
cotyle, and not to Octocotyle, where it was originally placed; points out 
that a most striking feature of the sp. is that the posterior pair of suckers 
_ are of almost the same size as the three more anterior pairs—in contrast to all 
a 1 other spp., in which the posterior pair is always much smaller; finds. 
that the dentate jaws described as terminal genitalia of the male system 
- _ are, in reality, the armature of the vaginal pore, and the cirrus is unarmed ; 
. Parona, 1919, 144: redescription (as Hexacotyle t.); Dawes, 1940 a, 271, 
272, 274, 275, 276: (as Hewxacotyle t.) cf. with H. extensicaudum; corrected 
designation herein—Hewostoma thunninae (Par. & Per., 1889). 


ADDENDA 


The following species have come to the notice of the author too late to be 
included in the Systematic Section of the present work :— 


DACTYLOGYRIDAE. 
TETRAONCHINAE 


Ancyrocephalus alatus Chauhan, 1945 6, 131-3 (key to 18 of the 20 valid genera 
in Chauhan, 19456, 150-1), 152, figs. 1-5: on the gills of Muraenesox 
talabonoides, Arius fulcarius, Mugil parsia and Harpodon neherius from 
Bombay—all between Nov. and Jan., and though the infestation was heavy 
on the first host (all specimens infected), no eggs were found—only 12 marginal 
hooklets on the haptor, and cirrus with a spiral ala. 


DIPLECTANINAE 


: _ Lamellodiscus belengeri Chauhan, 1945 6, 133-5, 152, figs. 6-10, on the gills of 
Sciaena belengeri, S. carulta and Muraenesox talabonoides from Bombay— 
between Nov. and Jan. No eggs were found. A distinctive feature is the six 
rounded outgrowths on the haptor, each bearing one of the marginal hooklets. 

The testis is shown to be pre-ovarian, on the left side—an exceedingly 

4 anomalous position in Monogenea. It seems possible that an enlarged 
_-receptaculum seminis (cf. fig. 26 f herein) has been mistaken for this, and 
a ob the testis—maybe ina depleted phase—is obscured by the post-ovarian 


28 herein). From the character of the squamodiscs the species cannot 
seed 1 in SES onset but would fall inte Diplectanum Dies., or if the 
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MONOCOTYLIDAE. 
LorMoINAE Price, 1936. 

Chauhan & Bhalerao, 19456, 167: discuss the place of this subfamily, 
which they remove from Monocotylidae to Microbothriidae on the grounds 
of the non-septate haptor, number of testes and character of the ovary, etc. 
The nature of the haptor appears to be the least inconsistent of these reasons, 
but opinions are bound to differ as to the relationships of this perplexing 
group. It would seem to fall more naturally near to Calceostoma 
(C. glandulosum having a bilobed haptor and a lobed ovary, though very different 
head-lobes), and Anonchohaptor (having pre-oral pseudo-suckers, small 
anchors on the non-septate haptor, and a heavily muscular pharynx—though 
the terminal genitalia are very different in form). Manter, 1944, 86-9: after 
re-examining the type material of L. salpinggoides, discovers a vagina, several 
testes and a bipartite pharynx, also that the dorsal cuticular ridges on the 
haptor are file-like. He transfers J'ricotyle scoliodoni Manter, 1938, from 
Calceostomatidae to the genus Loimos, and creates a second genus in this 
subfam., which he leaves in Monocotylidae (see pp. 263, 285 herein). 

Lovmos MacCallum, 1917 (diagnosis emend. Manter, 1944, 89). 

Generic diagnosis.—Loimoinae with one or two pairs of pre-oral suckers ; 

cirrus well developed; several tandem testes; well-developed dorsal 


haptoral ridges. 
Type species: Loimos salpinggoides MacCallum, 1917 (see p. 286 and figs. 49a —c, 
herein). 


L. scoliodoni (Manter, 1938—as Tricotyle) Manter, 1944 (see pp. 262-3 and 
figs. 37a —e, herein). 

L. secundus (Chauhan & Bhalerao, 1945) Chauhan & Bhalerao, 1945. 

Chauhan & Bhalerao, 1945 a, 98: give brief description of this sp. (as 
Tricotyle secundus) from the gills of Scoliodon sorrakowah from Rangoon. 
Later (1945 6, 164-7, figs. 1-3) they transfer it to Lovwmos, and distinguish it 
by the single pair of sucker-like depressions pre-orally, the dorso-ventrally 
bilobed haptor with a ribbed rim, absence of marginal hooklets (one pair of 
anchors), and 9 or 10 transversely elongate testes arranged seriatim in the 
median field. 

Loimosina Manter, 1944, 87-88. 

Generic diagnosis.—Loimoinae with three pairs of oral suckers; rudi- 
mentary cirrus ; a single deeply lobed testis ; prostatic bulb well developed ; 
posterior cuticular ridges on the haptor inconspicuous or lacking. 

Type species : Lovmosina wilsoni Manter, 1944. 

L. wilsoni Manter, 1944, 87-9, figs. 1-4: on the gills of Sphyrna zygaena from — 
Montago Bay, Jamaica ; small muscular worms 0-8 to 2-4 mm. long x 0-75— 
0-77 mm. wide. One pair of sickle-ended anchors and a number of very 
minute marginal hooklets. 


DISCOCOTYLIDAE. 
VALLISIINAE 


Bilateracotyle Chauhan, 19456, 139, 154-6: placed by its author in subfam. 
Protomicrocotylinae Johnst. & Tiegs, which he follows other authors i the 
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assigning to Microcotylidae—though, as pointed out above (p. 407) there 

seems little reason for this. The new genus resembles Protomicrocotyle. 

The asymmetrically placed haptor is muscular and entire and bears three 
pairs of small anchors. Anterior to this the body bears two rows of three 
small clamps, similar in type to those of other members of the subfam. 
The vagina is unarmed distally, and the egg has two polar filaments. (Mono- 
typic genus.) ) . 

B. chirocentrosus Chauhan, 1945 6, 139-141, figs. 14-18: on the gills of Sciaena 

belengeri and Chirocentrus dorab from Bombay. 


The following work has been unobtainable (known only by abstract) :— 

Lopez-Neyra, C. R., 1941. ‘‘ Compendio de Helmintologia Ibérica. 1°. Intro- 
duccion historica. 2°. Sistemdtica de los helmintos ibéricos, Trematodes— 
Monogenea.”” Rev. Iberica Parasitol. 1 (1), 7-34. 

Deals with the systematics of Monogenea occurring in Spain and Portugal, 
but includes no new forms. The following are the only species so far recorded 
from the area :—Gyrodactylus elegans v. Nordm., Hexacotyle thynni Delaroche, 
and Diplozoon paradoxum v. Nordm. 


MONOGENEA AND THEIR HOSTS COLLECTED FROM BRITISH WATERS. 


TREMATODA Rudolphi, 1808. 
MONOGENEA Carus, 1863. 
MonopistHocotyiea Odhner, 1912. 
GYRODACTYLOIDEA Johnston & Tiegs, 1922. 
Gyrodactylidae Cobbold, 1864. 


Gyrodactylinae Monticelli, 1892. 
Gyrodactylus elegans v. Nordm., 1832. On the gills of Abramis brama, Carassius carassius, 
Cyclopterus lumpus, Gasterosteus aculeatus, Spinachia spinachia and Pleuronectes platessa. 
G. medius Kathariner, 1894. On the gills and skin of Onos tricirratus and Phoxinus phoxinus. 
Gyrodactylus (?) sp. nov. On the gills of Plewronectes platessa. 
: Dactylogyridae Bychowsky, 1933. 


__ Tetraonchinae Montic., 1903. 

-‘Tetraonchus monenteron (Wagener, 1857) Diesing, 1858. On the gills of Hsox lucius. 
Amphibdella flavolineata MacCallum, 1916. On the gills of Torpedo marmoraia. 
1 aepatia maccallumi (Johnst. & Tiegs, 1922) Price, 1937. On the gills of Torpedo nobiliana. 
Diplectaninae Montic., 1903. 
Dig ectanum aequans (W: ageoet, 1857) Dies., 1858. On the gills of Labrax lupus. 


Capsatorza Price, 1936. 
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Microbothriidae Price, 1936. 
Microbothriinae Price, 1938. 


Microbothrium apiculatum Olss., 1868. On the skin of Squalus acanthias. 
Leptobothrium, pristiwri (Gallien, 1937) Gallien, 1937. On the skin of Pristiurus melanostomus. 
Leptocotyle minor (Montic., 1888) Gallien, 1937. On the skin of Scyliorhinus caniculus. : 


Pseudocotylinae Montic., 1903. 
Pseudocotyle squatinae v. Ben. & Hesse, 1865. On the skin of Squatina squatina. 
Monocotylidae Tasch., 1879. 


Monocotylinae Gamble, 1896. 
Heterocotyle pastinacae Th. Scott, 1904. On the gills of Trygon pastinaca. 


Merizocotylinae Johnst. & Tiegs, 1922. 
Thaumatocotyle concinna Th. Scott, 1904. In the nasal fossae of Tygon pastinaca. 
Calicotylinae Montic., 1903. 
Calicotyle kroyeri Dies., 1850. On the skin in the region of the cloaca of Raja radiata Don., 
R. clavata L., R. montagui Fowler [=R. maculata Montagu], R. oxyrhynchus L., R. naevus 
Mill. & Henle, R. circularis Couch, and R. fullonica L. 
C. affinis Th. Scott, 1911. On the skin of Chimaera monstrosa. 
Capsalidae Baird, 1853. 
Capsalinae Johnston, 1929. 
Capsala martiniert Bosc, 1811. On the gills of Mola mola. 
(?) C. molae (Blanchard, 1847) Johnst., 1929. On the gills of Mola mola, 
(2%) C. nozawae (Goto, 1894) Price, 1938. On Thunnus thynnus. 
Trochopodinae Price, 1936, emend. 
Trochopus tubiporus (Dies., 1836) v. Ben. & Hesse, 1863. On the gills of Trigla hirundo. 
T.. diplacanthus Massa, 1903. On the gills of Trigla hirundo. 
T. gaillimhe Little, 1929. On the gills of Trigla hirundo. 
T. lineatus Th. Scott, 1901. On the gills of T'rigla lineata. 
Nitzschiinae Johnston, 1931. 
Nitzschia sturionis (Abildgaard, 1794) Kroyer, 1852. On the gills of Acipenser sturio. 
Encotyllabinae Montic., 1892. 
Encotyllabe pagelli v. Ben. & Hesse, 1863. On the gills of Pagellus centrodontus. 
Benedeniinae Johnst., 1931. : 
Entobdella hippoglossi (Miller, 1776) Johnst., 1865. On the gills of Hippoglossus hippoglossus. 
Entobdella solae (v. Ben. & Hesse, 1863) Johnst., 1929. On the skin of Solea solea. 


ACANTHOCOTYLOIDEA, n. superfam. 
Acanthocotylidae Price, 1936. 


Acanthocotyle monticellit Th. Scott, 1902. On the fins and gills of Raja clavata L. and R. en! 
Fowler [=R. maculata Montagu]. 


(2) A. lobianchi Montic., 1888. On the skin of Raja batis. 


POLYOPISTHOCOTYLEA Odhner, 1912. 


POLYSTOMATOIDEA Price, 1936. 
Polystomatidae Gamble, 1896. 
Polystomatinae Gamble, 1896. 
Polystoma integerrimum (Frélich, 1791) Rud., 1808. On the gills and in the bladder of Re 
temporaria. a. 
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_ Hexabothriidae Price, 1942. 
Hexabothriinae Price, 1942. 
A BY etsbottesiuns appendiculatum (Kuhn, 1829) Nordm., 1832. On the gills of Scyliorhinus cani- 
, cula. 
Hexabothrium canicula (Cerf., 1899) Price, 1942. On the gills of Scyliorhinus canicula. 
Squalonchocotyle (?) sp. On the gills of Squalus acanthias. 
{ f : Squalonchocotyle grisea Cerf., 1899. On the gills of Hexanchus griseus. 
- “ Squalonchocotyle licha ees & Llewellyn, 1941.” On the gills of Scymnorhinus licha. 
a Rajonchocotyle batis Cerf., 1899. On the gills of Raja batis. 
“* Rajonchocotyle pene Rees & Llewellyn, 1941.” On the gills of Raja naevus. 
iL: r Rajonchocotyle emarginata (Olss., 1876). On the gills of Raja clavata. 
Rajonchocotyle blandae n. sp. (2). On the gills of Raja brachyura Lafont. 
Rajonchocotyle clavata Bracey in MS. On the gills of Raja clavata. 


! DIcLIpOPHOROIDEA Price, 1936. 
Chimaericolidae Brinkmann, 1942. 
Chimaericola leptogaster (Leuck., 1830) Brinkmann, 1942. On the gills of Chimaera monstrosa. 
Mazocraeidae Price, 1936. 
f Mazocraés alosae Hermann, 1782. On the gills of Alosa alosa and Alosa finta. 
‘a Mazocraés harengi (v. Ben. & Hesse, 1863) Nicoll, 1915. On the gills of Clupea harengus and 
: Alosa alosa. 
Kuhnia scombri (Kuhn, 1829). On the gills of Scomber scombrus. 
Kuhnia minor (Goto, 1894). On the gills of Scomber scombrus. 
Discocotylidae Price, 1936. 
| Discocotylinae Price, 1936. 
q Discocotyle sagittata (Leuck., 1842) Dies., 1850. -On the gills of Salmo trutta. 
Discocotyle (?) sybellae (Th. Scott, 1909). On the gills of Salmo fario. 
Diplozoon paradoxum v. Nordm., 1832. On the gills of Leuciscus rutilus. 
7 Plectanocotylinae Montic., 1903. . 
i Plectanocotyle gurnardi (v. Ben. & Hesse, 1863) Llewellyn, 1941. On the gills of Trigla gurnardus L., 
. T. lucerna L., T'. cuculus L. [=7. pint Bloch], and 7’. lineata Gmelin. 
Anthocotylinae Price, 1936. 
oo Anthocotyle merluccit v. Ben. & Hesse, 1863. On the gills of Merluccius merluccius. 
Microcotylidae Tasch., 1879. 
Microcotylinae Montic., 1892. 
Microcotyle donavini v. Ben. & Hesse, 1863. On the gills of Labrus bergylta. 
M. centrodonti Brown, 1929. On the gills of Pagellus centrodontus. 
M. draconis Briot, 1904. On the gills of Trachinus draco. 
. WM. fusiformis Goto, 1894. On the gills of Pholis gunnellus. 
M. labracis v. Ben. & Hesse, 1863. On the gills of Labrax lupus. 
Azine belones Abildgaard, 1794. On the gills of Belone belone. 
Gastrocotylinae n. subfam. 
Gastrocotyle trachuri v. Ben. & Hesse, 1863. On the gills of T'rachurus trachurus. 
i Pseudaxine trachuri Par. & Per., 1890. On the gills of T'rachurus trachurus. 
Diclidophoridae Fuhrmann, 1928 ; sensu Price, 1943. 
pie eeouoringe Cerf., 1895 ; sensu Price, 1943. 
idophora merlangi (Kuhn, in Nordm., 1832) Kroyer [1851 or later]. On the gills of Gadus 


~ merlangus. 
lophora  denticulat (Olss., 1876) Sree 1943. On the gills of Gadus virens and (?) Merluccius 
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Diclidophora minor (Olss., 1868). On the gills of Gadus poutassou. 

Diclidophora morrhuae (v. Ben. & Hesse, 1863). On the gills of Gadus morrhua [=G. callarias} 
and (2) G. merlangus. 

Diclidophora palmata (Leuck., 1830) Dies., 1850. On the gills of Molva molva. 

Diclidophora phycidis (Par. & Per., 1889). On the gills of Urophycis blennoides. 

Diclidophora pollachii (v. Ben. & He 1863) Price, 1943. On the gills of Gadus pollachius. 

(2) Diclidophora [‘‘ Octobothrium ”’| esmarkii Th. Scott, 1901. On the gills of Gadus esmarkit. 


Choricotylinae n. subfam. 
Choricotyle chrysophryi v. Ben. & Hesse, 1863. On the gills of Pagellus centrodontus. 
Choricotyle pagelli (Gallien, 1937) Llewellyn, 1941. On the gills of Pagellus centrodontus. 
Diclidophoropsis tissieri Gallien, 1937. On the gills of Malacocephalus laevis. 


Hexostomatidae Price, 1936. 


Hexostoma extensicaudum (Dawes, 1940.) On the gills of Thunnus thynnus. 
(2) H. acutum (Goto, 1894). On the gills of Thunnus thynnus. 


HOST LIST. 


Alphabetical list of host genera, with species, and the Monogenetic Trematodes 
occurring on or in them. 


MAMMALIA. 
Hippopotamus sp. 
Oculotrema hippopotami (eyes) ; N. Africa. 


REPTILIA : TESTUDINES. 
Amyda : vide Trionyz. 
Aromochelys : vide Sternotherus. 
Aspidonectes : vide Trionyx. 


Caretta caretta (L.). 
Polystomoides ocellatus (mouth and nostrils) ; Europe. 


Chelodina longicollis (Shaw). 
Neopolystoma chelodinae (bladder) ; N.Y. Zoo (from Australia). 


Chelone mydas (L.). 
Polystomoides ocellatus (nasal cavity) ; Europe. 


Chelydra serpentina (L). 
Polystomoides coronatus (mouth and nostrils) ; Woods Hole. 
Polystomoidella oblonga (palate and bladder) ; Canada. 
(?)Polystomoidella hassalli (bladder) : Iowa. 


Chrysemys picta (Schneider) (1); C. marginata Agassiz (2) [=C. bellimarginata 

Agassiz (3)]; C. ornata (Gray) (4) [et vide Pseudemys]. 

Polystomoides coronatus (mouth) ; U.S.A. (1) ; Towa (2). 

Polystomoides oris (mouth) ; N.Y. State (1). 

Neopolystoma domitilae (bladder) ; Mexico (4). 

Neopolystoma orbiculare (bladder); Chicago (2); Illinois (2); Iowa (2); 
N.Y. Aquarium (1); U.S.A. (1) (3). 

Polystomoidella oblonga (palate) ; Canada (1). 


Cistudo: vide Emys. 

Clemmys japonica (Temm. & Schleg.). 
Polystomoides japonicus (mouth, oesophagus) ; Japan. . 
Neopolystoma exhamatum (bladder) ; Japan. 
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Emys : vide Clemmys. 
Emys orbicularis (L.) [=Cistudo ewropaea (Schneid.)]. 
Polystomoides ocellatus (mouth, nares, oesophagus); Europe; Poland; Italy ; 
Germany. 
z Geoemyda spengleri (Gmel,). 
: Polystomoides megaovum (bladder) ; Loo-Choo Island, Japan. 
Graptemys geographica (LeSueur). 
Polystomoides coronatus (mouth) ; N. America. 
Halichelys atra (Merr.) : vide Caretta caretta. 
| Kachuga lineata (Gray). 
te Polystomoides kachugae (bladder) ; Lucknow, India. 
, Kinosternon integrum (LeConte) (1); K. subrubrum subrubrum (Lac.) [=K. pennsyl- 
vanicum] (2); K. subrubrum hippocrepis (Gray) (3); K. hirtipes Wagler (4) ; 
K. steindachneri Siebenrock (5); K. baurii Garman (6). 
Polystomoidella oblonga (bladder) ; U.S.A. (1) (4). 
Polystomoidella whartoni (bladder) ; Florida (2) (5) (6) ; Texas (3) ; Mexico (4). 
Polystomoidella (?) hassalli (bladder) ; Maryland (2); N. Carolina (2). 
Malaclemmys lesueuri (Gray) (1) ; M. centrata concentrica (Shaw) (2). 
Polystomoides coronatus (oesophagus) ; Texas (1). 
Neopolystoma orbiculare (bladder) ; U.S.A. (2). 
Ocadia sinensis (Gray). 
Polystomoides microrchis (mouth) ; Formosa. 
Polystomoides ocadiae (bladder) ; Formosa. 
_ Pseudemys elegans (Wied.) (1) ; P. scripta (Schoepff) (2) ; P. troostii (Holbrook) (3) ; 
P. floridana (LeConte) (4); P. rugosa (LeConte) (5); P. hieroglyphica (Hol- 
brook) (6) ; P. alabamensis Baur (7). 
Polystomoides coronatus (mouth, nostrils) ; N.Y. Aquarium (1) ; N. Carolina (2); 
5 Texas (1). 
Polystomoides multifalx (mouth, oesophagus) ; Oklahoma (6); 8S. Florida (4). 
Neopolystoma orbiculare (bladder) ; U.S.A. (1) (2) (3) (5) (7); N. Carclina (2) ; 
S. Florida (4). 
Sternotherus carinatus (Gray) (1); S. odoratus (Latr.) (2). 
Polystomoidella oblonga (bladder) ; Toronto, Canada (2); N. Carolina (2). 
Polystomoidella (?) hassalli (bladder) ; Louisiana (2): N. Carolina (2) ; Texas (1). 
Terrapene carolina triunguis (Agassiz). 
Neopolystoma terrapenis (bladder) ; Texas. 
Testudo: vide Emys. 
Trionyx ferox (Schneider) (1); 7’. spinifer LeSueur (2). 
Polystomoides coronatus (oesophagus) ; Texas (1); N.Y. Aquarium (1) (2). 
Neopolystoma orbiculare (nares, lungs, intestine) ; N.Y. Aquarium (1). 
Neopolystoma rugosum (nares) ; N.Y. Aquarium (1). 


AMPHIBIA. 

_ Bufo bufo (L.) (1); B. viridis Laur. [=B. variabilis (Pallas)] (2); B. regularis Reuss (3). 
Polystoma integerrimum (bladder: neotenic forms on gills of tadpoles) ; 

Europe (1) (2); Germany (1) (2); Kiev, U.S.S.R. (2). 

Polystoma africanum (bladder) ; Africa (3). 

j pesos alluaudi; Mt. Kinangop, Kenya (? sp.). 

ea tynerensis Moore & Hughes. 

yranura euryceae (skin: young on gills); Pea Vine Creek, tributary of the 

Illinois River, Oklahoma. 

orea (L.) (1); H. arborea meridionalis Boettger (2) ;. H. versicolor LeConte 

Hi. squirella Latr. (4); H. cinerea cinerea (Schneid.) (5); H. lesweurii 

& Bibr. (6); H. phyllochroa Giinth. (7); H. baudinii Dum. & Bibr. (8). 

—ParT Iv. No. 42.—1946. 3X 
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Polystoma integerrimum (bladder) ; Europe (1). 

Polystoma gallieni (bladder) ; Toulouse (2) ; Marseilles (2). 

Polystoma naevius (bladder) ; Mexico (8). 

Polystoma neareticum (bladder, genital ducts, kidneys) (gills of tadpoles) ; 
N. America (3) (4); Connecticut (3); Florida (5); N. Carolina (4) ; 
Minnesota (3). 

Parapolystoma bulliense (bladder) ; Australia (6) (7). 

Necturus maculosus Raf. 

Sphyranura osleri (skin) ; Canada. 

Sphyranura oligorchis (gills, skin) ; Pennsylvania. 

Sphyranura polyorchis (? gills) ; Pennsylvania. 

Pelobates cultripes (Cuvier). 

Polystoma integerrimum (bladder) ; Europe. 

Rana temporaria L. (1); R. esculenta L. (2); R. agilis Thomas (3); R. arvalis 
Nilsson (4); R. platyrhinus Steenstr. [=Rana temporaria] (5); R. catesberana 
Shaw (6); R. temporaria ornativentris (Werner) (7); R. rugosa Schleg. (8) ; 
R. nigromaculata Hallowell (9). 

Gyrodactylus sp. of Stunkard & Dunihue (skin of tadpoles) ; U.S.A. (6). 

Polystoma integerrimum (bladder: neotenic forms on gills of tadpoles) ; 
Europe (1) (2); Cambridge, Stoke, Nottingham—England (1); Heidelberg 
(5); Germany (1) (2) (8); Switzerland (3); Paris (2); France (1) (8); 
Kiev, U.S.8.R. (1) (4). 

Polystoma ozakii (bladder) ; Japan (7) ; Korea (1). 

Diplorchis nigromaculatus (bladder) ; China (9). 

Diplorchis ranae (bladder) ; Japan (8). 

Rhacophorus schlegeli var. arborea Okada & Kawano. 

Polystoma rhacophori (bladder) ; Karama, Kyoto, Japan. 

Scaphiopus couchii Baird (1) ; S. bombifrons Cope (2). 
Diplorchis americanus (bladder) ; Oklahoma (1). 
Diplorchis scaphiopodis (bladder) ; Oklahoma (2). 
Xenopus laevis Daud. 
Polystoma xenopi (bladder) ; near Capetown, 8. Africa. 


FISHES : mnctuprine SELACHII anv PISCES. 
Abrams Cuv, >. eb vide! Vamba . 02500. o aioe . 5. 4 + a Plate 0 alee eee ee ...(CYPRINIDAE) 
A. brama (L.) (1); A. ballerus (L.) (2); A. sapa (Pallas) (3). 
Gyrodactylus elegans (gills) ; Europe (1); Britain (1). 
Gyrodactylus gracilis (gills) ; Belgium (1). 
Gyrodactylus medius (gills) ; Aral Sea (1). 
Gyrodactylus parvicopula (gills) ; Russian Caspian (1). 
Dactylogyrus auriculatus (gills); Europe (1); Sweden (1); Denmark (1) ; 
Belgium (1). 
Dactylogyrus dujardinianus (gills) ; N. Europe (1) ; Maditenonnen (1). 
Dactylogyrus falcatus (gills); Aral Sea (1) ; Newabucht, U.S.S.R. (1) ; 
Sweden (1). 
Dactylogyrus nanus (gills) ; Newabucht, U.S.8.R. (1). 
Dactylogyrus sphyrna (gills) ; Germany (1) ; Newabucht, U.S.S.R. (1). 
Neodactylogyrus chranilowi (gills) ; Volga Delta (2). 
Neodactylogyrus cornu (gills) ; Kostroma, Newabucht, U.S.S.R. (1). 
Neodactylogyrus crucifer (gills) ; U.S.S.R. (1). 
Neodactylogyrus difformis (gills) ; Europe (1). 
Neodactylogyrus propinquus (gills) ; Aral Sea (3). 
Neodactylogyrus wunderi (gills); Aral Sea (1); near Leningrad (1) ; Renabatht 
(=Neva Gulf) (1) ; Lake Beloje (1) ; Russian Caspian (1) ; Sweden (1). 
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Neodactylogyrus zandti (gills) ; near Leningrad and Newabucht (=Neva Gulf), 
U.S.S.R. (1) ; Russian Caspian (1) ; Sweden (1). 
j Diplozoon paradoxum (gills); Europe (1) (2) (3); Belgium (1); Kostroma 
& U.S.S.R. (2) ; Lake Beloje and Newabucht, U.S.S.R. (1). 
— Acanthias Risso: vide Squalus L. 
Acanthocybium solandri (Cuv. & Val.)....... 000. cece eee eee es “tk. cea MERE tee Aas (SCOMBRIDAE) 
Gotocotyla acanthocybii (gills) ; Galapagos Islands. 


? Acanthogobius flavimanus (Temm. & Selloy. ji. Meee eee eee TT... (GOBIIDAE) 
§ 
y, 
® 


? 


Microcotyle acanthogobii (gills) ; Ago Bay, Mie, Japan. 
Acanthostracion Bleeker : et vide Lactophrys Swainson et Rhinosomus Swainson. . .(OSTRACIONTIDAE) 
Acanthostracion quadricornis (L.) (1) ; A. tricornis (2). 

Ancyrocephalus lactophrys (gills) ; N.Y. Aquarium (1) (2). 

Benedenia melleni (eyes, skin) ; N.Y. Aquarium (1). 
Eieansnarus PorskAl [==Tewthis auictt.].... 0.6 cece secs ts ecsdeccesscecceceveusess (ACANTHURIDAE) 
Acanthurus hepatus (L.) (1); A. coeruleus Bloch & Schneider (2); <A. virgata 

(Cuv. & Val.) (3). 

Ancyrocephalus manilensis (gills) ; Manila Aquarium, Philippines (3). 

Ancyrocephalus teuthis (gills) ; N.Y. Aquarium (1) ; Woods Hole (1). 

Diplectanotrema balistes (gills) ; N.Y. Aquarium (1) ; Woods Hole (1). 

Benedenia melleni (eyes, skin) ; N.Y. Aquarium (1) (2). 

Microcotyle virgatarum (gills) ; Manila Aquarium, Philippines (3). 


oa ge a am UP an Gi 9 on (PERCIDAE) 
Dactylogyrus amphibothrium (gills, vagina); Europe; E. Prussia; Sweden ; 

Lake Beloje and Newabucht, U.S.S.R. 
awe s sinh ec nip pps he hn bigs SME R en Eee ee ae ke nee keen (CHONDROSTEI) 
Acipenser sturio L. (1); A. ruthenus L. (2); A. fulvescens Raf. (3); A. brevirostris 

LeSueur (4); A. stellatus Pallas (5); A. acutirostris Ayres (6); A. oxyrhyn- 

chus Mitchill (7); A. rostratus (%) (8); A. guldenstddti Brandt (9); 

A. nudiventris (10). 

Nitzschia sturionis (gills); Europe (1) (9); Scotland (1); Denmark (1) ; 

Germany (1); E. Prussia (1) ; Volga (2); Caspian (5); Aral Sea (5) (10). 

Nitzschia superba (gills); N.Y. Aquarium (4); Atlantic Coast, U.S.A. (4); 
Woods Hole (1) (7) ; St. Lawrence River, Canada (7). 
Nitzschia monticellii (gills) ; Mediterranean (? sp.). 
_ Diclybothrium armatum (gills); Europe (5) (8); Germany (5); U.S.S.R. (2); 

Volga Delta (2) (spp.) ; St. Lawrence River, Canada (3). 
ee ha Loew bis jaan «nin Yarns £102 eee ee ha ays «oss oe oh (MyLIoBaTmak) 
Aetobatus freminvillit (LeSueur) (1) ; A. aquila (L.) (2); A. californicus (Gill) (3). 

Monocotyle myliobatis (gills) ; Naples (2). 

Heterocotyle floridana (gills) ; Gulf of Mexico (1). 

Udonella caligorum (on T'rebius latifurcatus Wilson, on skin) ; California (3). 

Benedenia pacifica (skin) ; California (3). 

ST a aa) Ree bg. Vers (MucILipak) 
’ Diplasiocotyle johnstoni (gills) ; Mandurah and Bunbury, W. Australia. 

OST i) Se (Macrourtpak) 
: ee pinguis (mouth) ; N.W. Pacific (482 fath.). 
OS 0 nee nnn re en eee ene (CYPRINIDAB) 
Gyrodactylus sp. (skin, gills) ; Europe. 
logyrus dujardinianus (gills) ; Scandinavia. 
actylogyrus alatus (gills) ; Europe ; E. Prussia ; Sweden. 
Epxioareus crucifer (gills) ; U.S.S.R. 


etylogyrus difformis (gills) ; Volga Delta. i 
x 
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Neodactylogyrus fraternus (gills) ; E. Prussia ; Sweden. 
Neodactylogyrus minor (gills); Europe; Germany; E. Prussia; Newabucht 
(=Neva Gulf), U.S.S.R. ; Sweden. 
Neodactylogyrus mollis (gills) ; Kostroma, U.S.S.R. 
Neodactylogyrus parvus (gills) ; E. Prussia ; Sweden. 
Diplozoon paradoxum (gills) ; Scandinavia ; Newabucht, U.S.S.R. 
Allotss hamiles (Girard). 100. 2 os Fide 5s 5 5 oo oo ode eonib's. ol OND etn talinbe ie tela ohalihtata Realist (CENTRARCHIDAE) 
Actinocleidus fergusoni (gills) ; U.S.A. ; Oklahoma. ‘ 
Urocleidus acer (gills) ; [linois. 
Urocleidus dispar (gills) ; Oklahoma. 
Urocleidus ferox (gills) ; Illinois ; Oklahoma. 


Alomas vulpes (Gmelin) } 0% 5 Seek sso 6 oie ou v0 60,6 mp pose mnie © greeter OP ane stg ema (LAMNIDAE) 
Cathariotrema selachii (nares) ; Woods Hole. 
Alosa alosa (L.) (1) 3) A. finta (Cuav.) (2). ... 6.0 op 0s sa sione a0 oil ee eine tein ie ne ee (CLUPEIDAB) 


Mazocraés alosae (gills); Mouth of the Rhine (1); N. Sea (1); Germany (1) ; 
Scotland (1) (2) ; Belgium (2); Plymouth (2). 

Mazocraés eae, (gills) ; Plymouth (1). 

(2?) Glossocotyle alosae (gills) ; Brest (1). 

(?) Ophicotyle fintae (gills) ; Belgium (2). | 
Ambloplites rupesiria (Rall.) oc 8 od. nave eds vo ale sieecele © aye Wialge ae eee (CENTRARCHIDAE) 

Cleidodiscus alatus (gills) ; N.Y. State. 

Cleidodiscus megalonchus (gills) ; U.S.A. 

Cleidodiscus stentor (gills) ; U.S.A. 

Urocleidus chautauquaensis (gills) ; Chautauqua Lk., New York. 


Amevurus Raf,: et vide Haustor ... 02... 26255905 seo 5 tds is Oe eens ee eens See (AMEIURIDAE) 
Ameiurus nebulosus (LeSueur) (1); A. melas (Raf.) (2); A. natalis (LeSueur) (38) ; 
[** A. catus ”’ :—vide Haustor—non Silurus catus L.]. 


Cleidodiscus mirabilis (gills) ; Reelfoot Lk., Tennessee (2). 

Cleidodiscus pricei (gills); New York (1); Indiana (1); Oklahoma (2) ; 
Reelfoot Lk., Tennessee (2) (3) ; Florida (1) (3); Louisiana (2); Algonquin Pk., 
Ontario (1) (2). 

Cleidodiscus vancleavei (gills) ; Oklahoma (2). 

Gyrodactylus elegans (gills) ; U.S.A. (2) ; Oklahoma (2). 

Gyrodactylus fairporti (gills) ; Iowa (2). 


Amnnodyter tabtanis Ws, ye os 6.50354 wed 5 nai a Us as ES allele ae ea (AMMODYTIDAE) 
Gyrodactylus sp. (gills) ; Europe. 
Angeehinys Jordan & Wvermann. . .s,. 6.5910 0s sy olsen sin dee oe eee ealees (CHAETODONTIDAE) 


Angelichthys ciliaris (L.) (1); A. isabelita Jordan & Ritter (2); A. townsendi 
Nichols & Mowbray (3). 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium (1) (2) (3). 
Microcotyle angelichthys (gills) ; N.Y. Aquarium (1). 
Microcotyle angelichthys townsendi (gills) ; Woods Hole (8). 


Anguilla japonica (Temi & Sebleg.). . ss castes. ao isew ves an ees ee eee Ee eT (ANGUILLIDAB) 
Dactylogyrus bini (gills) ; Japan. 
Anssotremus Gall v.40 6osrv's bin so. «0 ue to whew s 40 0.0 > pin we ae eet een . .(POMADASYIDAE) 


Anisotremus virginicus (L.) (1) ; A. surinamensis (Bloch) (2). 
Diplectanotrema balistes (gills) ; N.Y. Aquarium (1) ; Woods Hole (1). 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium (1) (2). 

Microcotyle pomacanthi (gills) ; N.Y. Aquarium (1). 

Anthias schlegelit Giimther [=Caprodon s. (Giint.)]..........0.eeee eee Sa hacia biackacar (Smanaxran) 
Benedenia ovata (? skin) ; Misaki, Japan. 
Heteraxine triangularis (gills) ; Misaki, Japan. 
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Smmmmnmmnre rotoonremnicis (Val.).. fol caddies tlcnd ante dcssdece'vcseciecescsececs -(SERRANIDAE) 
Ancyrocephalus manilensis (gills) ; Manila Aquarium, Philippines. 
Aplites salmoides (Lac.): vide Huro salmoides [= Micropterus s.}. 
IER EDIE ENE os |. si o'g Coe clas vse eM RO Dorey cee Be ules e b's oe'e (ScIAENIDAE) 
Microcotyle eriensis (gills) ; Lk. Erie. 
Microcotyle spinicirrus (gills); N.Y. Aquarium; Lk. Erie; Iowa; Lower 
Tallahatchie River, U.S.A. 
Lintaxine cokeri (gills) ; Iowa. 


Apogon semilineatus Temm. & Schleg.............000 cece eee eee eee. (CHEILODIPTERIDAE) 
Dactylogyrus apogonis (gills) ; Hamazima, Mie, Japan. 
mee Ad.) = Lepormes Part. Aucth:|.... inves c.ee seria Gresecvecssccvsvcccess (CENTRARCHIDAB) 


Apomotis cyanellus (Raf.) (1) ; A. symmetricus (Forbes) (2). 
Actinocleidus longus (gills) ; Illinois (1) ; Oklahoma (1). 
Anchoradiscus triangularis (gills) ; Baton Rouge, Louisiana (2). 
Cleidodiscus diversus (gills) ; Illinois (2) ; Oklahoma (1). 
Cleidodiscus robustus (gills) ; N.Y. Hatcheries, Syracuse (1) ; Illinois (1). 
Urocleidus cyanellus (gills) ; Illinois (1) ; Oklahoma (1). 


NIE TRACE IN EIILS WALD, ¢ yie i oe. 8 3, Hegd < « «msi sasaisyAvalags b vith olkls s oialp ene ceieena's (SPARIDAE) 
Microcotyle archosargi (gills) ; N.Y. Market. 
Arws commersonit Lac. (1); A. falearius Richardson (2) ............5..cecececcececess (ARIIDAE) 


Fridericianella ovicola (eggs—held in mouth of fish) ; Brazil (1). 

Ancyrocephalus alatus (gills) ; Bombay (2). 
Aspius aspius (Bl.); [A. alburnus (L.)=Alburnus alburnus]..........cescecccecceens (CYPRINIDAE) 

Dactylogyrus robustus (gills) ; Delta and middle waters of Dnieper River, U.S.S.R. 

Dactylogyrus tuba (gills) ; Aral Sea. 
ER sre cys dnc a eee shack waa Reh hong peu quaint he a sind oa alee ....(ATHERINIDAB) 
Atherina ponticaspica Eichwald (1); A. araea Jord. & Gilbert (2). 

Gyrodactylus atherinae (gills, fins) ; Caspian (1). 

Ancyrocephalus atherinae (gills) ; Santa Barbara, Dominican Republic (2). 
NS eo oir «5 5 be dies pinre's's slain web aM Gln MGRURe + acloreide wg Ales AS Neg i (BALISTIDAE) 
Balistes capriscus Gmel. [=B. carolinensis Gmel.] (1) ; B. vetula L. (2). 

Diplectanotrema balistes (gills) ; N.Y. Aquarium (1). 

Benedenia melleni (eyes, skin) ; N.Y. Aquarium (2). 
EE RIG ENGL UE wince «ocd tye <6 nia, com + wi Oe eae mmr epees MMe ewe als a Waa oe Wiis sone (CYPRINIDAE) 
Barbus brachycephalus Kessler (1) ; B. capito (Giildenstadt) [=B. bulatmar Habiizt.] 

(2); B. barbus (L.) [=B. fluviatilis Agassiz] (3); B.sarana Ham. Buch. (4). 

Dactylogyrus linstowi (gills) ; River Tschu, Kirghiz (1). 

Neodactylogyrus affinis (gills) ; Volga Delta, Caspian (1). 

Neodactylogyrus kulwieci (gills) ; Aral Sea (1) (2) ; Caspian (1) (2). 

Neodactylogyrus malleus (gills) ; Europe (3) ; Aral Sea (1) ; Germany (3). 

Diplozoon indicum (gills) ; Lucknow, India (4). 


Bathystoma striatum (L.)........00esccecscesesecsevccece Lt «ee Ee (POMADASYIDAE) 
Choricotyle hysteroncha (gills) ; Tortugas, Florida. , 
Mselone Ctiv.: eb Vide Tylosurus........0cccsccecsncnereseareeanteersecccesececeus (BELONIDAE) 


me belone (L.) [=B. vulgaris Flem., =B. acus Risso] (1); B. schismato- 

rhynchus Bleeker (2). 

Axine belones (gills) ; Mediterranean (1) ; N. Sea (1) ; Belgium (1) ; Scotland (1) ; 
Plymouth (1). 

<inoides aberrans (gills) ; Hagi, Japan (2). 

ocotyla bellones (skin) ; Naples (1). 
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Blennius pholie ase csv ce ce adawe sad cuds sieve ase vt dbcvw wsitte ds vee eee (BLENNIIDAB) 
Gyrodactylus sp. (skin, fins) ; Roscoff. ; 
Blicca: bjoerlena (La) o. 0. ovis vn cere ccs t wate vine pete nonce Janie oe een be 5 ene ee (CYPRINIDAE) 


Dactylogyrus falcatus (gills) ; E. Prussia. 
Dactylogyrus fallax (gills); Europe; E. Prussia; Newabucht (=Neva Gulf) 
and Kostroma, U.S.S.R/ 
Dactylogyrus sp. of Wegener (gills) ; E. Prussia. 
Dactylogyrus sphyrna (gills) ; Europe ; Lake Beloje, Newabucht and Kostroma, 
U.S.S.R. ; E. Prussia. 
Neodactylogyrus alatus (gills); Europe; Germany ; Kostroma, U.S.8.R. 
Neodactylogyrus cornu (gills) ; E. Prussia; Sweden ; Newabucht, U.S.S.R. 
Neodactylogyrus crucifer (gills) ; Newabucht, U.S.S.R. 
Neodactylogyrus difformis (gills) ; Newabucht, U.S.S.R. 
Neodactylogyrus distinguendus (gills) ; Sweden. 
Neodactylogyrus megastoma (gills) ; Europe. 
Neodactylogyrus minor (gills) ; Europe ; Germany; U.S.S.R. 
Neodactylogyrus wunderi (gills) ; E. Prussia ; Lake Constance ; near Leningrad ; 
Finland ; Lake Beloje and Newabucht, U.S.S.R.; Aral Sea ; Caspian.. 
Neodactylogyrus zandti (gills) ; Lake Constance ; near Leningrad and Newabucht, 
U.S.S.R. ; Caspian. 
Diplozoon paradoxum (gills) ; Europe ; Lake Beloje, Newabucht and Kostroma, 
U.S.S.R. 
Bodianus rufus (Ua). scene sin. dec cee tae 54.8 so ws 5 tm en us eee eee eee (LABRIDAE) 
Microcotyle pomacanthi (gills) ; N.Y. Aquarium. 
Bothus : vide Lophopsetta. 
Box boops (1x) .(1).3 B: emlpa (L.).(2) .c. Fs cca ias cleave ointece wists peleeg ah oat (SPARTDAB) 
Microcotyle erythrini (gills) ; Genoa (1). 
Microcotyle salpae (gills) ; Genoa (2). 
Choricotyle (?) charcoti (on Meinertia oestrotdes (Risso), in the mouth) ; Monaco (1). 


Brachygenys chrysargyreus (Gunther)... 1... 0 ea ses cin ee oe Ee See (PoMADASYIDAE) 
Choricotyle hysteroncha (gills) ; Tortugas, Florida. 
Brame ran (Bloch) (1)ig..B. mediterranea: (2)... 2. 105 sas. welWig Wie «eae ee (BRAMIDAE) 


Encotyllabe nordmanni (throat) ; Mediterranean (1) (2). 
Kuhnia (?) bramae (gills) ; Mediterranean (1). 
Gotocotyla acanthura (gills) ; Genoa (1). 
Branchiostegua yapomens: (Houttuyn) «\. . <5 xtcnis'es oo Lx hs opie phy athe eed ahpeieele makiie pa (LaTILIDAE) 
Microcotyle branchiostegi (gills) ; Sea of Japan. 


Brevoortia tyrannua (Latrobe)... .'.....:.....0 dds x os a ee (CLUPEIDAE) 
“ Dactylocotyle sp.” of Linton, 1905 (gills) ; N. Carolina. 
Calamus calamus (Cuv. & Val.) (1); C. acutifrons Goode & Bean (2)..........00000ee sees (SPARIDAE) 


Encotyllabe lintoni (gills) ; Bermuda (1). 
Microcotyle pomacanthi (gills) ; N. America (1) (2). 


Campostoma anomalum (Rafi) ie... 5.05 «2.00 04a ok ae 558 0 eee (CYPRINIDAE) 
Neodactylogyrus acus (gills) ; N.Y. State. 
Cantharus Cuv.: et vide Spondyliosoma Cantor......2....0cecceecccccceevascccceeses (SPARIDAE) 


Microcotyle baumi (gills) ; Mediterranean (Leipzig Aquarium) (Cantharus sp.). 
Caprodon Temm. & Schleg.: vide Anthias Bloch. 
Caranx Lac. : et vide Trachurus Raf. ; Paratractus Gill; Xurel Jord. & Evermann..... (CARANGIDAE) 
Caranx hippos (L.) (1); C. georgianus Cuv. & Val. (2). 
Protomicrocotyle mirabilis (gills) ; N.Y. Aquarium (1). 
Heteraxine carangis (gills) ; N.Y. Aquarium (1). 
Dionchus remorae (gills) ; U.S.A. (1). 
Gonoplasius carangis (gills) ; Rockingham, W. Australia (2). 
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See oc « wo te Rulers X's sho wh coh bog da wd a So eu hele’ o(CeesENID AR) 
Carassius carassius (L.) (1); C. auratus (L.) [=Cyprinus gibelioides Cantor] (2) ; 
C. gibelio (Bloch) (3). 
_ Gyrodactylus elegans (gills, scales, fins) ; Europe (1) ; Germany (1); E. Prussia 
ae (1); near Leningrad (1) ; Japan (2). 
é - Gyrodactylus elegans vars. A. & B. (gills) ; N. Arnerica (1). 
Gyrodactylus gurleyi (gills) ; N. America (1). 
Dactylogyrus anchoratus (gills); E. Prussia (1) ; Sweden (1) (2); Poland (1); 
v New York (2) ; Ropscha and Kostroma, U.S.S.R. (1). 
Dactylogyrus auriculatus (gills) ; Aral Sea (2). 
Dactylogyrus crassus (gills) ; Europe (1); Poland (1); N.W. U.S.S.R. (1). 
Dactylogyrus dujardinianus (gills) ; Europe (1) (2). 
Dactylogyrus fallax (gills) ; Kostroma, U.S.S.R. (1). 
Dactylogyrus formosus (gills) ; Sweden (1). 
Dactylogyrus intermedius (gills); E. Prussia (1); Sweden (1); Poland (1); 
Peterhoff, U.S.S.R. (1). 
- Dactylogyrus vastator (gills); Poland (1); Ropscha, U.S.S.R. (1); Kyéto, 
Japan (1). 
Dactylogyrus wegeneri (gills) ; Sweden (1). 
Neodactylogyrus cryptomeres (gills) ; Lake Beloje, U.S.S.R. (1). 
Diplozoon paradoxum (gills) ; Europe (1) (8). 
Diplozoon nipponicum (gills) ; Japan (1). 
Deateoree ual, | ——-COrchnariads CULr.|... 5.2005. -ccsewseesvenscscessrcecess (CARCHARINIDAE) 
Carcharinus milberti (Miller & Henle) (1); C. obscwrus (LeSueur) (2); C. commersonii 
(Blainv.) (3); C. limbatus (Miller & Henle) (4). 
Cathariotrema selachii (olfactory organs) ; Woods Hole (2) (3). 
Loimos salpinggoides (gills) ; Woods Hole (2). 
Dermophthirius carcharini (olfactory organs, dorsal skin) ; Woods Hole (3). 
Microbothrium apiculatum (skin) ; Woods Hole (3). 
Udonella caligorum (on ovisacs and abdomen of Alebion carchariae Krdyer) ; 
Gulf of Mexico (1). 
Squalonchocotyle macrohystera (gills) ; Woods Hole (1). 
Squalonchocotyle maccallumi (gills) ; N. America (4). 


EINES ETL UAL.) 20). 5 Sing sen curs oy tel cut ECeP en een eae eea saws t evens stems s (PERCIDAE) 
Urocleidus moorei (gills) ; Tennessee. 
Catostomus commersonit (Lac.) (1) ;. [?=C. teres (Mitch.) (2)]........0. ccc eee eens (CaTOSTOMIDAE) 


Gyrodactylus spathulatus (gills) ; N.Y. State (1). 

Anonchohaptor anomalum (gills) ; Chautauqua Lake, New York (1). 

Acolpenteron catostomi (ureters) ; Michigan (1). 

Murraytrema copulatum (sills) ; near Panama, N.Y. State (1). 
Octomacrum lanceatum (gills); N.Y. Hatcheries, Constanta (1); Toronto 

region (2). 
» Caulolatilus princeps (Jenyns).......2.++ cece reece ene e cece eee ten eee e ene n eee ees >» (LATILIDAE) 
ns Encotyllabe pagrosomi (mouth, throat); James Island, Albemarle Island, 
Galapagos Islands (sp. ?). 
i: _ Choricotyle caulolatili (gills) ; Tagus Cove, Albemarle Island, Galapagos Islands. 
Je s Schneider : vide Pholis (Gronow) ie te 
Centrophorus squamosus (Gmel.)..... 6.0 cece sees cece eer eeeeeens aera’ Se te re \SQUALIDAE) 
_ Pseudocotyle lepidorhini (skin) ; off Cap Finisterre. 
pe rixhin centrophori (skin) ; N. Sea, off Bergen, Norway. 

a BLOONS ads pc aies nite a iis one ww seneen eneds + see eeees+(CENTROPOMIDAE) 

synochus rhabdosynochus (gills) ; ; Florida. 
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Centropristts strictics (La) Gate ae coho sre vine v wernt wieta cocte Bie a 9 Wa vada een ee iste aee (SERRANIDAE) 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Microcotyle centropristis (gills) ; N. America. 


Cepola schlegelt (Bleeker) «05s. ciskaie tet Oo ive so sacle s Batale o dieke nt Rene ane (CEPOLIDAE) 
Microcotyle cepolae (gills) ; Obama, Hukui, Japan, 
Ceratacanthus achoepfit (Walb.)< os. b ces sale. a0 5 6 ote binge ep ote apes one eee (MoNnaACANTHIDAE) 


Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Cestracion of Garman: vide Sphyrna Raf. 
Chaenobryttus gulosus (Cuv. & Val.) (1); C. coronarius (Bertram) (2)............... (CENTRARCHIDAE) 
Actinocleidus flagellatus (gills) ; Florida (1); Reelfoot Lake, Tennessee (2). 
Actinocleidus okeechobeensis (gills) ; Lake Okeechobee, Florida (1). 
Urocleidus chaenobryttus (gills) ; Florida (1) ; Reelfoot Lake, Tennessee (2). 
Urocleidus grandis (gills) ; Florida (1) ; Reelfoot Lake, Tennessee (2). 


Chaenogobius annularts wrotaenia (Hilgendorf).. 2... 256.90 -se 5 ae wb ala selewalae Wis eee (GoBUDAE) 
Haliotrema mogurndae (gills) ; Kyéto, Japan. 
Chactodipierus faber (Bronssonet) <<. ..)...ic s'si-<s os) ss ale of wird ae ane eee ieee cane (EPHIPPIIDAE) 


Tetrancistrum longiphallus (gills) ; N.Y. Aquarium. 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Chaetodon ocellatus Bloch (1); C. capistratus Li, (2)... 1. ssn cu> aust a sep eee ee es ot (CHAETODONTIDAE) 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium (1). 
Microcotyle pomacanthi (gills) ; N.Y. Aquarium (1) (2). 


Chalcalburnis chialcotdes. (GiaId:) 5.4.6 «asc 5 5.05 000.0 92s ee le nee ee RPA Fee hye (CYPRINIDAE) 
Dactylogyrus chalealburni (gills) ; Aral Sea. 
Cheslschthys ammnlatus (JOOS); 2... Ss 2 ss «nls Bip + ep oie © anes a ee (TETRAODONTIDAE) 


Benedenia melleni (eyes, skin) ; N.Y. Aquarium (from 8. Carolina). 
Tagia ecuadori (gills) ; Tagus Cove, Albemarle Island, Galapagos Islands. 


Ohtaneert MOmstrOa Die. o's os ose ba se o's oo vie pdieiw a Maik & st Gusta seach Renesas a (HoLOCEPHALT) 
Calicotyle kroyeri (cloaca, skin) ; Europe; Herdla. 
Calicotyle affinis (skin) ; Aberdeen, Scotland ; off Bergen, Norway. 
Chimaericola leptogaster (gills); Europe; Herdla; Trondheim; Christiania ; 
Kristineberg ; Koster Fiord; Sweden; Skager-Rak; N. Sea; Poland; 
Aberdeen, Scotland ; Nizza, Mediterranean. 


Chirocentrus dorab Forsk......... A cious git bate ogee steele es at SES (CLUPEIDAE) 
Bilateracotyle chirocentrosus (gills) ; Bombay, India. 

Chiraus henapraminig (PAMBS) 2.03). osc «sinc «0's.0 0 se wale oN an Macatee eee ees (HEXAGRAMMIDAE) 
Microcotyle chiri (gills) ; Hakodate, Japan. 

Choerops japonicus (Cuv. & Val.) [=Choerodon azurio Jord. & Snyder].............020005 (LABRIDAE) 


Cyclobothrium sessile (mouth : young on gills) ; Mitsugahama, Japan. 
Chondrostoma nasus (L.) ; [C. dobula=Squalius cephalus g.V.].......cce cece cece eeeees (CYPRINIDAE) > 
Dactylogyrus chondrostomi (gills) ; Dnieper Basin, U.S.S.R. 
Ancyrocephalus forceps (gills) ; Europe. 
Diplozoon paradoxum (gills) ; Europe. 
Chrysoperca Fowler : et vide Morone Mitchill................000. ors gall faoes Ebel bole cob (MoroONIDAE) 
Chrysoperca interrupta (Gill). 
Urocleidus interruptus (gills) ; Illinois. 
Chrysophrys Cuv.: vide Sparus L. 
Ciliata Couch : vide Onos Risso. 
Clinostomus elongatus (Kirtland) .. 0... s.0s.2.s3 00 » oss 0dsae aun eos oe eee Pm ( he 
Neodactylogyrus confusus (gills) ; N.Y. State. 


‘ 
° 
§ 
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Clupea L. : et vide Alosa Cuv. and Sardinia Antipa. 


nner enmieri (ihe OS sprains Li (2yy, fori, we le eee oe ce cece ees (CLUPEIDAE) 
Mazocraés harengi (gills) ; Belgium (1) ; Scotland (1); Irish Sea (1). 
Mazocraés heterocotyle (gills) ; Belgium (2). 
Cobitis L. : et vide Misgurnus Lac. and Nemacheilus Van Hasselt................0000 (CoBITIDAE) 
Cobitis taenia L. (1) ; [C. fossilis = Misgurnus f., q.v.] (2) 
Gyrodactylus cobitis (gills) ; Caspian (1). 
Gyrodactylus gracilis (gills) ; Europe (2) ; Germany (2). 
Gyrodactylus latus (gills, fins) ; Caspian (1). 
Gyrodactylus medius (gills) ; Europe (2) ; Germany (2). 
_Gyrodactylus sp. of Wegener (gills) ; Europe (? sp.). 
Ancyrocephalus cruciatus (gills) ; Europe (2); Vienna (2). 
Coregonus lavaretus (L.) (1); C. oxyrhynchus (L.) (2)......0.0.cccesccenceccesecencs (SALMONIDAE) 
Dactylodiscus borealis (gills) ; Scandinavian Lakes (1). 
Discocotyle sagittata (gills) ; Europe (1) ; Germany (2). 
ERE L Vateeh State. Gy. est D. Vo sada heal Uh SOME oie diel bina ve waeo mess (SCIAENIDAE) 
Diplectanum aculeatum (gills) ; Genoa. 
Calceostoma inerme (gills) ; Genoa. 
eR SIREN UREE 15 228 on fa, wee Pai hes eas Vee Mebetde elutes wns sais (CORYPHAENIDAE) 
Capsala laevis (skin) ; Sao Paulo, Brazil. 
Benedenia hendorffii (skin) ; off the coast of Chile. 
Thoracocotyle coryphaenae (gills) ; Pacific—off Japan. 
Coryphaenoides rupestris Gunner [= Macrourus laevis Lowe= Malacocephalus laevis 
(Lowe)—non Macrourus rupestris Fabricius]...........0c cesses cecceveccees (MacROURIDAE) 
Diclidophora macruri (gills) ; Skager-Rak. 
Diclidophoropsis tissieri (skin, near gills) ; S.W. Ireland. 
a ETO A a1 i 6 ee ee ee (CoTTipAk) 
Gyrodactylus groenlandicus (skin) ; Egedesminde, Greenland (1). 
Trochopus brauni (gills) ; Mediterranean (2). 
Megalocotyle zschokkei (gills) ; Mediterranean (2). 
Diplozoon paradoxum (gills) ; Europe (2). 


ees Ga HEATICLAGHIGT 517 «5 09d 5. 0 « of « 20r0e A eh lens REM ead wea eee J (SERRANIDAE) 
Benedenia muelleri (skin); Tagus Cove, Albemarle Island, Galapagos Islands. 
Ree ede CVI VAL... 5 si) Saas cas oa Fspole shes eamble, oem wmemy tele pale s dee amenedabee (LABRIDAE) 


Encotyllabe paronae (gills) ; Genoa. 
Cybium niphonium Cuv. & Val. [=‘‘ Sawara”] (1); “ C. lanceolatus ” 
(eee eneoraiint ©. V.) (2)... 6 ie See eos a ele de bg cape ese atang sds ew cineneis ee (SCOMBRIDAE) 
Capsala ovalis ; Japan (? sp.). 
Gotocotyla sawara (gills) ; Japan (1). 
Pricea multae (gills) ; Bombay, India (2). 
Cyclopterus lumps Li... 1.1 c cece cece cena reece eres eee eee eereserseerens (CYCLOPTERIDAE) 
Gyrodactylus elegans (gills) ; Europe. 
Gyrodactylus sp. (gills) ; Europe ; Plymouth. 
Oynias Gill: vide Mustelus Cuv. 


— Oynoscion Gill: et vide Hrioscion Jord. & Evermann.........++.++-- PRS OTR ONY. (SCIAENIDAE) 
_ Cynoscion regalis (Bloch & Schneider). 


Microcotyle heteracantha (gills) ; Woods Hole. 
- Microcotyle longicauda (gills) ; Newport, Rhode Island, U.S.A. 


ese’ ppescinni (gills) ; Woods Hole ; Virginia. 
ih. «in sntie den nbigmevcaenenescsveensreges Re (oR e (CyPRINODONTIDAE) 
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Cyprinus carpio L.; [C. gibelioides Cantor=Carassius auratus, Q.V.]...++.eeee seen eens (CYPRINIDAE) 
Gyrodactylus elegans (gills) ; Europe ; Germany ; near Leningrad and Kostroma, 
U.S.S.R. 


Gyrodactylus fairporti (gills) ; Lowa. 

Gyrodactylus gracilis (gills, skin) ; Europe ; Germany. 

Gyrodactylus medius (gills) ; Europe; Germany ; Caspian; Aral ean 

Dactylogyrus anchoratus (gills); Europe; E. Prussia; Vienna; Rennes ; 
Sweden; Ropscha, U.S.S.R. 

Dactylogyrus auriculatus (gills) ; Europe; Aral Sea. 

Dactylogyrus crassus (gills) ; Poland. 

Dactylogyrus cyprini (gills) ; Java. 

Dactylogyrus dujardinianus (gills) ; Europe. 

Dactylogyrus extensus (gills) ; N.Y. State ; Oneida Lake, N.Y. 

Dactylogyrus falcatus (gills) ; Europe; Vienna. 

Dactylogyrus fallax (gills) ; Kostroma, U.S.S.R. 

Dactylogyrus formosus (gills) ; Poland (? sp.) ; Peterhoff, U.S.S.R. 

Dactylogyrus minutus (gills); Europe; Poland ; Sweden. 

Dactylogyrus vastator (gills); Poland; Peterhoff and Ropscha, U.S.S.R. ; 
Kyéto, Japan. 

Dactylogyrus wegeneri (gills) ; Poland (? sp.); U.S.S.R. 

Neodactylogyrus cryptomeres (gills) ; Lake Beloje, U.S.S.R. 

Neodactylogyrus difformis (gills) ; E. Prussia (? sp.). 

Neodactylogyrus mollis (gills) ; Europe; Vienna. 


Cypselurus callopterus (Giinther) (1) ; C. agoo (Temm. & Schleg.) (2)..............0-. (EXOCOETIDAE) 
Axine cypseluri (gills); Charles Island, Galapagos Islands (1); Hamazima, 
Japan (2). 
Darcocis petersent (Nystrom). <. 00 a5 0 'sc0s 0 0 ole ores wid se a) arate o gincel at ie ae (DACTYLOPTERIDAE) 
Parancyrocephaloides daicoci (gills) ; K6ti, Japan. 
Dasyatis Raf: et vide Pastinachus Riippel.... 0.22... ne edesen vce ss vi shea oe aes (DASYATIDAE): 


Dasyatis pastinaca (L.) (1); D. violacea Bonaparte (2). 
Heterocotyle minima (gills) ; Woods Hole (1). 
Heterocotyle pastinacae (gills) ; Dornoch Firth, Scotland (1). 
Tritestis ijimae (mouth) ; Hiroshima, Japan (1). 
Dasybatotrema dasybatis (gills) ; Woods Hole (1). 
Thaumatocotyle concinna (nasal fossae) ; Dornoch Firth, Scotland (1). 
Thaumatocotyle dasybatis (nasal fossae, gills) ; Woods Hole (1). 
Entobdella diadema (? skin) ; Mediterranean (2). 


Dermatole pie py nceas GAL. oink ek oe ce cs aey Oéae ab es be ha Sd EO BE ee (SERRANIDAE): 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 

Drodon Teg striae Ta. os 1G wis ys p58 ws pip" bes ayet aoe SAR 2 ens Bde ae (DIODONTIDAE). 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 

Diplodus a w vot sate lo yo )gin'tlespiove an: Fs ey 0° je, Sis, @ 0.0" mle, taomcg’png aeheue ae, Ren (SPARIDAE): 


Diplodus nulgare Geoff. (1); D. sargus (L.) [=Sargus rondeletit C. V.] (2); D. salviani 
C. V. (3); D. annularis (L.) (4). 
Diplectanum echeneis (gills) ; Genoa (2). 
Microcotyle sargi (gills) ; Genoa (1) (2) (4) ; Mediterranean (3). 
Diclidophoropsis taschenbergii (gills) ; Genoa (2). 
Diptychus dybowskit Keasler.. i)... 6.5.0 ss ceed sks sense 64 05 banner ane (CYPRINIDAE) : 
Dactylogyrus dragini (gills) ; River Tschu, Kirghiz. 
Dactylogyrus simplex (gills) ; River Tschu, Kirghiz. a 
Ditrema temmincki. Bleeker. ... « « «00:0 «nodes se eeu v tesa bao one ....(EMBIOTOCIDAE) 
Microcotyle ditrematis (gills) ; Hamazima, Mie, Japan. 7 
Microcotyle tanago (gills) ; Tarumi, near Kobe, Japan. 
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Dorosoma Raf. : vide Konosirus Jordan & Snyder. 
aloe ot a LAL oo eS rc (ECHENEIDAE) 


Dionchus agassizi (gills) ; N.Y. Aquarium ; Woods Hole ; West Indies. 
Dionchus remorae (gills) ; N.Y. Aquarium ; West Indies. 


-  SEchinorhinus brucus (Bonnaterre) [=EH. spinosus (Gmel.)]...........0 00.0. e cece ee eeee (SQUALIDAE) 
Squalonchocotyle dollfusi (gills) ; Rabat, Morocco. 
Hilagatis bipinnulatus (Quoy & Gaimard)............ 0c c ccc cece cece ccc cceeeeecs (CARANGIDAE) 


Gotocotyla elagatis (gills); Bahia Honda, Panama. 


Epinephelus akaara (Temm. & Schleg.) (1); E. chlorostigma (Cuv. & Val.) (2) ; 
E. striatus (Bloch) (3) ; #. morio (Cuv. & Val.) (4) ; EB. adscensionis (Osbeck) 
(5); H. guttatus (L.) (6); HL. flavolimbatus Poey (7); EH. gigas (Briimnich) (8)...... (SERRANIDAE) 
Diplectanum epinepheli (gills) ; Inland Sea, Japan (1). 
Tetrancistrum sigani (gills) ; Japan (2). 
Megalocotyle hexacantha (gills) ; Genoa (8). 
Benedenia convoluta (gills) ; Inland Sea, Japan (1). 
Benedenia epinepheli (gills) ; Inland Sea, Japan (1). 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium (3) (4) (5) (6). 
Encotyllabe spari (gills) ; Japan (1). 
Microcotyle mouwoi (gills) ; Japan (2). 
Microcotyle pomacanthi (gills) ; N. America (7). 
ITER EITC 5.5 oc. vc Ou oa vo oa Ks One doe 9 «SS Ue RE oS ichied ecw’ (CaTOSTOMIDAB) 
Octomacrum lanceatum (gills) ; N.Y. State Hatcheries, Constanta. 
TORTI ae, VEL)... . «ois vies o's Dak ad de Soria dd entation slligideig Gee va'eie (SCIAENIDAE) 
Microcotyle heteracantha (gills) ; Beaufort, N. Carolina. 
Choricotyle reynoldsi (gills) ; Virginia, U.S.A. 
I iia -o'e os ee ws eve wills so Ge Bele a ide Sole mer y Peete Ae Dae Ss (Hsoorpak) 
Hsox lucius L. (1); #. niger LeSueur (2); [Z. reticulatus Se ele 
Gyrodactylus elegans (gills) ; Europe (1). 
Neodactylogyrus megastoma (gills) ; Europe (1). 
Tetraonchus monenteron (gills); Europe (1); Lake Windermere, England (1) ; 
Newtown, Montg., N. Wales (1) ; Germany (1) ; E. Prussia (1) ; Lake Beloje, 
Kostroma, and Newabucht, U.S.S.R. (1); Aral Sea (1); Oneida Lake, 
New York (1). 
Urocleidus mimus (gills) ; U.S.A. (2). 
Diplozoon paradoxum (gills) ; Europe (1). 


a ao ci aid ds aig. s-aitain iy 5 oegee plncloen guabcsaeeh ao Winpe ah apse -s siun'« oS 50 a (SquaLipak) 
Squalonchocotyle spinacis (gills) ; Odwara, Japan (sp.). 

RNP Cr mv owe Val.) ......00os va oe cae s Sek pale ds» delgasian oo Be ttt oid (GERRIDAE) 
Neodiplectanum wenningeri (gills) ; Florida. 

Bugaleus galeus (L.) [=Galeus canis (Rondl.)]........0cs ee ceeseeeeeeeeeeeereenes (CARCHARINIDAE) 


Squalonchocotyle eugalei (gills) ; off Agadir. 
— canis (gills) ; Roscoff (N. France). 
I Se eee eee Lis cake ne ite i MIM. 2 b's o CAMEL A (CENTRARCHIDAB) 
Be pact gibbosus (L.) (1) ; EB. microlophus (Giinther) (2). 
Actinocleidus bakeri (gills) ; Reelfoot Lake, Tennessee (2). 
Actinocleidus bifidus (gills) ; Reelfoot Lake, Tennessee (2). 
ocleidus bifurcatus (gills) ; Florida (2). 
ocleidus crescentis (gills) ; Reelfoot Lake, Tennessee (2). 
inocleidus gibbosus (gills) ; Algonquin Park, Ontario, Canada (1). 
cleidus incus (gills) ; Algonquin Park, Ontario, Canada (1). 
1s maculatus (gills) ; Florida (1) (2). 
1s oculatus (gills) ; Constanta ; Syracuse, New York (1); Algonquin 
te “i0, Canada (1). 
3Y2 
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Actinocleidus recurvatus (gills) ; Algonquin Park, Ontario, Canada (1). 
Actinocleidus scapularis (gills) ; Algonquin Park, Ontario, Canada (1). 
Actinocleidus sigmoideus (gills) ; Algonquin Park, Ontario, Canada (1). 
Anchoradiscus anchoradiscus (gills) ; Florida (2). 
Cleidodiscus megalonchus (gills) ; U.S.A. (1). 
Cleidodiscus nematocirrus (gills) ; Florida (1) (2). ‘ 
Cleidodiseus robustus (gills) ; Oneida Lake, New York ; Syracuse, New York (1). 
Urocleidus acer (gills) ; N.Y. State (1). 
Urocleidus affinis (gills) ; Florida (1). 
Urocleidus attenuatus (gills) ; Florida (2) ; Reelfoot Lake, Tennessee (2). 
Urocleidus dispar (gills) ; N.Y. State (1); Algonquin Park, Ontario, Canada (1). 
Urocleidus ferox (gills); Oneida Lake, N.Y. State (1); Illinois (1); Lake 
Senachwine, Illinois (1). 

Urocleidus parvicirrus (gills) ; Reelfoot Lake, Tennessee (2). 
Urocleidus procax (gills) ; Algonquin Park, Ontario, Canada (1). 
Urocleidus similis (gills) ; U.S.A. (1). 
Urocleidus spiralis (gills) ; Florida (1). 
Urocleidus torquatus (gills) ; Reelfoot Lake, Tennessee (2). 
Urocleidus variabilis (gills) ; Reelfoot Lake, Tennessee (2). 
Actinocleidus harquebus (gills) ; Reelfoot Lake, Tennessee (2). 

Buthynnus alletteratila (Ral) Po. ics s cc o's 0s ocle s Ob lea bina eater santa ty nen (SCOMBRIDAE) 
Capsala maccallumi (gills) ; Woods Hole. 
Hexostoma euthynni (gills) ; James Island, Galapagos Islands. 
Hexostoma macracanthum (gills) ; Tortugas, Florida. 


Exoglossum maxtllingua (LeSuecut): « .. 0 4... sss slay lg b eeictele b> cites giant ee (CYPRINIDAE) 
Neodactylogyrus scutatus (gills) ; N.Y. State. . 
Fundulus Lac. : et vide Xenisma Jordan and Zygonectes Agassiz.............-. (CYPRINODONTIDAE) 


Fundulus heteroclitus (L.). 
Gyrodactylus sp. of Linton, 1940 (skin) ; Woods Hole. 
Gyrodactylus stephanus (gills) ; N. America. 
Gadopers Righards@i® % qjeielas oe opin os .05eajn Ddlorerge 86 « ook Soacalas l aiin Oe gen (GADOPSIDAE) 
Anchylodiscus gadopsis (gills) ; Campaspe River, Victoria, Australia (sp.). 
Anchylodiscus tandani (gills) ; Campaspe River, Victoria, Australia (sp.). 
Chendiita Linn Sic dean s\Gie aie OR » © Fie Hood SE wm ws S'a'g wh oo» Pye el teeeeoles ae oe ere (GADIDAE) 
Gadus callarias L. (1); G. luscus L. (2); G. minutus L. (3); G. merlangus L. (4) ; 
G. poutassou (Risso) (5); G. esmarkii Nilss. (6); G. virens L. (7); G. polla- 
chius L. (8). 
Udonella caligorum (on Clavella wncinata (Miiller) on gills), N. Sea (1); (on 
Caligus sp., on skin), Georges Bank, Atlantic Coast, N. America (1); Woods 
Hole (1) ; Canada (1) ; Europe (1). 
(?) Udonella pollachii (on Caligus sp., on skin), Belgian Coast (8). 
(2) Diclidophora esmarkii (gills) ; off Sunborough Head, Shetlands (6). 
Diclidophora merlangi (gills); Wimereux (4); Belgium (4); Ostend (4); 
N. Sea (4); Grimsby (4) ; Cullercoats, Northumberland (4) ; Aberdeen (4) ; 
Trish Sea (4) ; Clyde (4) ; Carnarvon Bay, N. Wales (4); Aberystwyth (4) ; 
Plymouth (4) ; Ireland (4) ; Mediterranean (4) ; Naples (4) ; Denmark (4). 
Diclidophora denticulata (gills) ; Skager-Rak (7); Ostend (7); Aberdeen (7) ; 
Plymouth (7); Ireland (8.W.) (7); Irish Atlantic Slope (7); Woods 
Hole (7) ; Nova Scotia (7) ; Elba (3). 
Diclidophora luscae (gills) ; Belgium (2); Roscoff (2); Ireland (2); Italy (3). 
Diclidophora minor (gills); Bergen (5); Skager-Rak (5); W. of Ireland (5) ; 
Trish Atlantic Slope (4). 
Diclidophora morrhuae (gills); Belgium (1); N. Sea (1); Ireland (1); Aberdeen 
(1), (4). 
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Diclidophora palmata (gills) ; Bergen, Norway (1). 
Diclidophora pollachii (gills) ; N. Sea (8) ; Aberdeen (8); Irish Sea (8): Ireland 
(8) ; Roscoff (8) ; Concarneau (8). 
Gaidropsarus Raf.: vide Onos Risso. 
Galeorhinus Blainv.: vide Hugaleus Gill and Mustelus Linck. 
[Galeus canis (Rondl.) =Hugaleus galeus (L.), q.v.]. 
Gambusia affinis affinis (Baird & Girard) ............. cece ccc e cence cece eeceenens (PorcrLiupak) 
Urocleidus seculus (gills) ; San Gabriel River, California. 
Gasterosteus L.: et vide Pygosteus Gill and Spinachia Cuv........... ccc ee eee (GASTEROSTEIDAE) 
Gasterosteus aculeatus L. 
Gyrodactylus elegans (gills) ; Europe ; Berlin; England ; E. Prussia ; Denmark. 
Gyrodactylus bychowski (gills) ; E. Prussia. 
Gyrodactylus rarus (gills) ; Naguhicht, U.S.S.R. ; Karelian Lakes ; Caspian. 
_ Diplozoon paradoxum (gills); Europe. 
IETS TCO Mir 15 3 Fares Re Sick y of Jk} PING w aA Lie othe ko o'p ows (ScOMBRIDAE) 
Capsala thynni (gills) ; Atlantic—off French Coast. 
IE a A RR PR A 0a Oe (GERRIDAE) 
Microcotyle gerres (gills) ; Mandurah, W. Australia. 
NNR SUID MATIAR IE (CATNONT) iors ows cas on gacssceawavanedqnssdaesck ue dey (ORKECTOLOBIDAE) 
_ Squalonchocotyle ginglymostomae (gills) ; Tortugas, Florida. 
Prrmrmrrccnemiaara Quoy 6: Gaimard 0.66... c cece neces cade de bes Weed ae ceaeuees (GIRELLIDAE) 
Diplectanum girellae (gills) ; Caloundra, S.E. Queensland, Australia. 
DanC. fois Day) .- 6... esc ce nsec csscre chadscsods sclntidiess vabu (CYPRINIDAEF) 
Gyrodactylus elegans (gills, skin) ; E. Prussia. 
Gyrodactylus gracilis (gills) ; Germany. 
Dactylogyrus major (gills) ; Lake Beloje and Dnieper region, U.S.S.R. 
_ Diplozoon paradoxum (gills); Europe; Lake Beloje and Newabucht, U.S.S.R. 
I CER Tigh sacle devd asta a's cha, crviainranse es  alajsislplistd oid: Afni Cadel wim aesd © « 0)s (GoBIIDAE) 
Gyrodactylus elegans (gills) ; Europe. 
ee carat? (CRIT OG VSi1-) Ailes sale Lee aaa awn oda a STAIR BU cliele a eig nhaite Wily Bislacd (APLODACTYLIDAE) 
Trochopus goniistii (gills) ; Pacific. 
Gymnosarda Gill: vide Huthynnus Liitken and Katsuwonus Kishinouye. ; 
EMM Set CSTRTC \i2ts) 16.5 ota eH niche Galvwialt Aw waldadahieiehen ERM cota w ie dale, < leads s (PERCIDAE) 
Urocleidus malleus (gills) ; N.Y. State. 
Haemulon album (Cuv. & Val.) (1); H. flavolineatum (Desmarest) (2)......2......-. (POMADASYIDAE) 


Benedenia melleni (eyes, skin) ; N.Y. Aquarium (1). 
Choricotyle hysteroncha (gills) ; Tortugas, Florida (2). 
Echinopelma bermudae (gills) ; Bermuda (? 1). 
| Hapalogenys nitens Richardson.........----sseeeeeerereeesvececesens Bo fieth aheras (POMADASYIDAE) 
___-Heteraxine chinensis (gills) ; East China Sea. 
_ Harpe Lac. : vide Bodianus Bloch. 
E rpadon seiccpaledeay JB Dy ci 5301s Ss Suc kA 4 ho a I BP (SYNODONTIDAE) 
\neyrocephalus alatus (gills) ; Bombay, India. 
SED VIS AINCHITUS). 5. ce sens edeancn see tersatetnesctrsressrecs (AMETURIDAE} 
ocleidus monticellii (gills) ; Cueno, Italy. 
ellie Ta Sk aa ne oy a (PoMACENTRIDAE) 
otyllabe nas (gills) ; Mediterranean. 
¥ 


eben regia Wiel LES pc's Sua Aled Ae bau om.» (SCORPAENIDAE) 
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Helioperca Jordan sic. dss ee ovis ov accuse vesecctmoseee loess pel eeee tae ee me manera (CENTRARCHIDAE) 
Helioperca incisor (Cuv. & Val.) (1) ; H. macrochira (Raf.) (2). ‘ 
Actinocleidus bursatus (gills) ; Lake Okeechobee, Florida (2). 
Actinocleidus fergusoni (gills) ; Illinois (2); Oklahoma (2); Lake Okeechobee, 
Florida (2) ; Reelfoot Lake, Tennessee (2). 
Actinocleidus gracilis (gills) ; Florida (2). 
Actinocleidus oculatus (gills) ; Baton Rouge, Louisiana (2). 
Anchoradiscus anchoradiscus (gills) ; Florida (2). 
Cleidodiscus robustus (gills) Illinois (1) (2); Reelfoot Lake, Tennessee (2) ; 
Lake Okeechobee, Florida (2) ; N.Y. Hatcheries (2) ; Syracuse, N.Y. (1). 
Urocleidus acer (gills) ; Oklahoma (1) (2) ; Illinois (2) ; Reelfoot Lake, Tennessee (2). 
Urocleidus attenuatus (gills) ; Florida (2). 
Urocleidus biramosus (gills) ; Florida (2). 
Urocleidus dispar (gills) ; Tlinois (2) ; Oklahoma (2) ; Florida (2). 
Urocleidus ferox (gills); N.Y. State (1) (2); Illinois (1) (2); Louisiana (2) ; 
Oklahoma (2) ; Reelfoot Lake, Tennessee (2) ; Lake Okeechobee, Florida (2). 
Urocleidus perdix (gills) ; Florida (2). 


Helotes sexlineatus (Quoy & Gaimard) ...... 2)... ....% <5 stip eis pia eee ees meee (SERRANIDAE) 
Microcotyle helotes (gills) ; Swan River, Safety Bay, W. Australia. 

Hemichromis bimiaculatis Gil. i. 6 ecciu es ee since, o pseveie «151 o/a AE AIR ml elhaeanehe ntia aie ete (CICHLIDAE) 
Ancyrocephalus bychowskii (gills) ; Leningrad Aquarium (from Africa). 

Hexagrammos otakit Jordan. & Starks... 00. oe vccc sis sons beep ve ohio eiala ties iaiis (HEXAGRAMMIDAE) 
Microcotyle gotoi (gills) ; Ise Bay, Japan. 

Hexanchiis griseus (Gimel.) . 5.0 a0 oisis cc 6 s'e'e ass « 0a «els vale an sale atten eae Eee (HEXANCHIDAE) 


Squalonchocotyle grisea (gills) ; Naples ; Porcupine Bank, W. Ireland. 

Hiatula Lac. : vide Tautoga Mitchill. . 

Hippoglossus hippogiosaus (Li). oo. s5 3 os os wisn wen bis e tee s wie tiey Bist ae eRe eee (PLEURONECTIDAE) 
Tristoma uncinatum (skin) ; Europe. 
Entobdella hippoglossi (skin); Europe; Denmark; Scotland; Irish Sea; 

Mediterranean ; Canada; Nova Scotia; Woods Hole; Alaska. 
Entobdella squamata (skin) ; Pacific Coast of N. America—California to Alaska. 
Udonella caligorum (on Caligus sp., on skin) ; Europe; Britain; U.S.A. 

Histiophorus auctorum : vide Istiophorus Lac. 

Holacanthus Lac. : et vide Angelichthys Jord. & Evermann and Chaetodon L...... (CHAETODONTIDAE) 

Holacanthus tricolor (Bloch). . 

Microcotyle angelichthys (gills) ; N.Y. Aquarium. 

Huro Cuy.d Valo(sens Hubbs; 1940). . «cgay eos dda cheek ole poe ee etme . ..(CENTRARCHIDAE) 

Huro salmoides (Lac.) [=Aplites s., =Micropterus s.]. 
Actinocleidus bursatus (gills) ; Ohio, Florida. 

Actinocleidus fusiformis (gills); Oklahoma; Illinois; Florida; Reelfoot Lake, 
Tennessee ; Tennessee. 

Actinocleidus unguis (gills) ; Reelfoot Lake, Tennessee. 

Urocleidus dispar (gills) ; Reelfoot Lake, Tennessee. 

Urocleidus furcatus (gills) ; Florida ; Louisiana ; Tennessee. 

Urocleidus helicis (gills) ; U.S.A. 

Urocleidus principalis (gills); Illinois; Florida; Louisiana; Reelfoot Lake, 
Tennessee ; Tennessee. 

Acolpenteron ureteroecetes (ureters, bladder) ; ; Michigan. 


Fitia0 Fria (Ls.) «5's oe ss Searw gis ose oe Coto Pacers 2 en ee ores aad s (CHONDROSTET) 
Diclybothrium armatum (gills) ; Volga. 


Hybopsis Agassiz: et vide Notropis Raf. and Luxilus Raf.......... ov ep euns eas Pasa. 
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_ Hybopsis amblops (Raf.) 

Neodactylogyrus amblops (gills) ; N.Y. State. 

CSS ETS Se rc (CYPRINIDAE) 
Dactylogyrus bychowskyi (gills) ; Illinois; N. America. 
Neodactylogyrus bifurcatus (gills) ; Illinois. 
Neodactylogyrus simplex (gills) ; Illinois. 


Hydrocynus dentex (Forsk.) [=H. forskalit Cuv.].......0... ccc en ccc e cee eeeceeeees (CHARACIDAE) 
Neodactylogyrus gracilis (gills) ; Europe. 
umuruponccnum nigricans (LeSucur).... 06... 0. cece cece dec nec cevetecceteeentes (CaATOSTOMIDAE). 
- ie. Neodactylogyrus apos (gills) ; N.Y. State. 
_-—s Murrraytrema copulatum (gills) ; N.Y. State. 


Acolpenteron catostomi (ureters) ; Michigan. 
Anonchohaptor anomalum (gills) ; Chautauqua Lake, N.Y. State. 


ITER OOo oi 2 <5 > a+ a) v'g avs 6 ep hlpletaess Aauae ev i404 te 0 bw ae es (CARCHARINIDAE) 
Heteronchocotyle hypoprioni (gills) ; Tortugas, Florida. 
Ictalurus punctatus (Raf.) (1); I. furcatus (LeSueur) (2)........... 2.0 c cece cece neces (AMEIURIDAB) 


Cleidodiscus floridanus (gills) ; Lake Erie (1) ; Iowa (1). 

Cleidodiscus mirabilis (gills) ; Reelfoot Lake, Tennessee (1) (2). 

Cleidodiscus pricei (gills); Indiana (1); Tennessee (1); Oklahoma (1); 
Florida (1). 

Cleidodiscus vancleavei (gills) ; Oklahoma (1); Reelfoot ni Tennessee (1) (2). 


RNETRE TE COMINGS CS CHICO.) 6 ec ce low kec choke cde eebveen dee ihe Bae ears (LaBRIDAE) 
Cyclobothrium iniistii (gills) ; Inland Sea, Japan. 
a a a bl ty ee eee (ISTIOPHORIDAE) 


Istiophorus orientalis (Temm. & Schleg.) (1) ; I. brevirostris Playfair (2); I. ameri- 
canus (Cuv. & Val.) (3). 
Capsala laevis ; Madras (2) ; Japan (1). 
Capsala megacotyle (skin) ; Beruwala, Ceylon (? sp.).. 
Capsala ovalis (mouth) ; Misaki, Japan (1). 
Capsaloides sinuatus (gills) ; Misaki, Japan (? sp.). 
Tristoma papillosum (gills) ; Woods Hole (3). 


I on 8d 5-55 kpc ce sek chew ok wes + One gee ee sedans 245 awh ies SNRs 0 ain wis (LABRIDAE) 
Diplectanum pedatum (gills) ; Mediterranean (sp.). 
Katsuwonus pelamys (L.) (1); K. vagans (Lesson) (2) ........ cer cece cece cece cssees (SCOMBRIDAE) 


Capsala interrupta (gills) ; Mediterranean (1). 
Capsala katsuwoni (gills) ; Japan (2). 
Capsala lintoni (gills) ; Martha’s Vineyard, Mass., U.S.A. (1). 
Capsala nozawae (gills) ; Hokkaido, Japan (2). 
Pseudaxine katsuwonis (gills) ; Japan (2). 
Psuedaxine vagans (gills) ; Japan (2). 
Pricea minimae (gills) ; Bombay, India (1). 
- Hexostoma grossum (gills) ; Misaki, Japan (1); Japan (2). 
Konosirus Jordan & Snyder...... SRE e Rel Ste ARID GTI IOS. ec sd a'giele CERO (CLUPEIDAR) 
sirus thrissa (Osbeck) [=Dorosoma thrissa (L.)]. 
zocraeoides dorosomatis (gills); Benten-zima, Sizuoka, Japan. 
nazocraes dorosomatis (gills) ; Benten-zima, Sizuoka, Japan. 
Cuv. & Val. : vide Morone Mitchill 
s bergylta AScan...... 2+. + 2s eee eee eee eee ee tess ewes Rate se Cons Peete (LaBRIDAE) 
ella caligorum (on Caligus labracis Scott and C. centrodonti Baird, on gills 
i skin) ; Roscoff; Plymouth. 
2 donavini (gills); Brest; Roscoff; Plymouth; Moray Firth; 
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Lachnolaimus maximus (Walb.).....00cceccce sec ccecceccecosscesseceeesesssscosauns (LABRIDAE) 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Lactophrys Swainson : et vide Acanthostracion Bleeker and Rhinosomus (Swainson). .. .(OSTRACTIDAE) 
Lactophrys trigonus (L.). 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Laemargus Miiller & Henle: vide Somniosus LeSueur. 
Lateolabrax japonicus (Cuv. & Val.)......2.sceceecccecceeererrcresccesresevsncens (SERRANIDAE) 
Dactylogyrus inversus (gills) ; Tarumi, near Kobe, Japan. 
Microcotyle suzuki (gills) ; Japan. 
Lepibema chrysops (Rad.).... cece sess es wsiedee ce nevis nimih bin wigine eieley it oki Senin (SERRANIDAE) 
Urocleidus mimus (gills) ; N.Y. State. 
Lepidorhinus Bonaparte : vide Centrophorus Miller & Henle. 
Lepomis Raf.: et vide Allotis Hubbs ; Apomotis Raf. ; Hupomotis Gill & Jordan ; 
Helioperca Jord. ; Pilodictis ; Sclerotis Hubbs ; Xenotis Jordan............ (CENTRARCHIDAE) 
Lepomis pallidus (Mitchill). 
Actinocleidus gracilis (gills) ; Florida. 
Cleidodiscus robustus (gills) ; U.S.A. 
Urocleidus biramosus (gills) ; U.S.A. 
Urocleidus perdix (gills) ; Florida. 
Leptops Raf.: vide Opladelus Raf. 
Lethrinus haematopterus Temm. & Schleg...........0.ceceeeceeceees i an ene (SPARIDAE) 
Ancyrocephalus lethrini (gills) ; Inland Sea, Japan. 
Benedenia ishikawae (gills) ; Hagi, Japan (? sp.). 


Leucaspius delineatua (Heek,). «5. 20 2 siejce + 0:00 v0.0 inp Sepsis = ane pene ea (CYPRINIDAE) 
Diplozoon paradoxum (gills) ; Newabucht (Neva Gulf), U.S.S.R. 
Leucichthys ontariensis Jord. & Evermann., .. .. 060000500 +5s sm eneg eo pelea asian ee (SALMONIDAE) 


Discocotyle salmonis (gills) ; U.S.A. 
Leuciscus Cuv.: et vide Phoxinus Agassiz; Rutilus Raf.; Squalus Bonap. ; 
Semrdineus Bova. oe oe ss bc 5.0. 00:0°ee ss bp Ole ong e Sito a eee eae (CYPRINIDAE) 
Leuciscus leuciscus (L.) (1); L. idus (L.) [=L. jeses (L.)] (2); [L. prasinus Agassiz = 
Rutilus rutilus, q.v.). 
Gyrodactylus elegans (fins) ; Europe (1). 
Dactylogyrus cordus (gills) ; Sweden (1) (2). 
Dactylogyrus dujardinianus (gills) ; Europe (2). 
Dactylogyrus elongatus (gills) ; Europe (2). ; 
Dactylogyrus fallax (gills) ; Europe (2) ; Kostroma, U.S.S.R. (2). 
Dactylogyrus robustus (gills) ; Delta and middle waters of Dnieper River, U.S.S.R. (2). 
Dactylogyrus tuba (gills) ; Aral Sea (2) ; Sweden (2) ; Germany (1). 
Neodactylogyrus ramulosus (gills) ; near Kiev (2). 
Ancyrocephalus forceps (gills) ; Europe (? sp.). 
Diplozoon paradoxum (gills) ; Europe (2) ; Newabucht, U.S.S.R. (1) (2). 
Lithia ama (Ls, o5a3 os sabe ide 03 Dae olnevienn ues e Or teee eee Choe ae ce (CARANGIDAE) 
Vallisia striata (gills) ; Adriatic. 
Microcotyle lichiae (gills) ; Genoa. 


Lophopsetta maculata (Mitchill).................cccenccees o's o's 0,<:bisiain bwin :eanon aryl Sonne Oe 
Bothitrema bothi (gills) ; Woods Hole, Mass., U.S. iN wee. 
Lota ‘Tota (Ik). site ceil eee Ua osetour ee ee .. ..(GaDrDAz) 


Gyrodactylus elegans (gills, skin) ; Pups 
Gyrodactylus sp. (gills, skin) ; Europe. 

Udonella caligorum (on Caligus sp., on skin) ; Belgium. 
Diplozoon paradoxum (gills) ; Europe. 


A SYNOPSIS OF THE MONOGENETIC TREMATODES. 529 


a » 
_ Lacioperca lucioperca (L.) [=L. sandra Cuv. & Val.]........ ccc cece cece eee cecuaeaeues (PERCIDAE) 
Ancyrocephalus paradoxus (gills); Europe; Greifswald; Vienna; Gedani ; 

Lake Beloje and Newabucht, U.S.S.R.; Aral Sea. 


ey re |) A) ee Pe ey ee (LUTIANIDAE) 
Intianus lioglossus (Bleeker) (1); L. jocu (Bloch & Schneider) (2); L. apodus 
a (Walb.) (3) ; L. synagris (L.) (4) ; L. analis Cuv. & Val. (5) ; L. griseus (L.) (6). 


_ Aneyrocephalus manilensis (gills) ; Manila Aquarium, Philippines (1). 

Tetrancistrum lutiani (gills) ; Manila Aquarium, Philippines (1). 

Udonella caligorum (on Argulus sp., in the mouth) ; Tortugas, Florida (6). 

Benedenia melleni (eyes, skin) ; N.Y. Aquarium (2) (3) (4) (5). 
_ Choricotyle neomaenis (gills) ; Key West, Florida (5). 

Microcotyloides incisa (gills) ; Tortugas, Florida and Bermuda Isles (6). 

Luzxilus Raf.: et vide Hybopsis Agassiz and Notropis Raf............0.0ceccecucuees (CYPRINIDAB) 
——_ Luxilus cornutus (Mitchill). 
____ Dactylogyrus banghami (gills) ; Algonquin Park, Ontario, Canada. 
. Dactylogyrus bullosus (gills) ; Algonquin Park, Ontario, Canada. 
Dactylogyrus pollex (gills) ; Algonquin Park, Ontario, Canada. 
Neodactylogyrus acus (gills) ; N.Y. State. 
Neodactylogyrus bulbus (gills) ; N.Y. State ; Algonquin Park, Ontario, Canada. 
Neodactylogyrus cornutus (gills) ; N.Y. State ; Algonquin Park, Ontario, Canada. 
Neodactylogyrus fulcrum (gills) ; N.Y. State. 
Neodactylogyrus perlus (gills) ; N.Y. State ; Algonquin Park, Ontario, Canada. 
Macrourus rupestris of Gunner : vide Coryphaenoides rupestris Gunner. 
IRR eB a SE a oo (0, «nie v'o-n iting dip’ Oe.» Nana ae ined oi 6 «5 nt erie (MAENIDAE) 
Microcotyle alcedinis (gills) ; Genoa. 
Choricotyle marionis (gills) ; Mediterranean. 


ESE 0 I Pad ee (ISTIOPHORIDAE) 
” Capsala poeyi (skin) ; Havana, Cuba. 
nnmmeamanns imiert (Bloch)... 0.0... cc ee te tc enn cet cesee teense ebicencs (MaLACANTHIDAE) 


Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Malacocephalus laevis (Lowe) : vide Coryphaenoides, 


i ERER EC AEIEIG ODIO) 5s nS) 2 die leigh ocd tie. n.= kp fd Pw sind Sonia Wain <ltah: Sew ak a ¥ len + /5. «ae 6 (CYPRINIDAE) 
Cleidodiscus brachus (gills) ; near Panama, New York. 
RT RM IA ONOSUE GUIDCTE. o.oo. ee ee hence eee e bade ewembsneseser mes -,..(BALISTIDAR) 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Menticirrus saxatilis (Bloch & Schneider)...... Ca toe SOT ORES Ce Oe Fak A aE (SCIAENIDAE) 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
—— Merluccius merluccius (L.) (1) ; M. bilinearis (Mitchill) (2)......... 00. cee eee eee ees (MERLUCCIIDAE) 


Udonella (?) merluccii (on Caligus sp., on skin) ; Belgian Coast (1). 
_ Anthocotyle merluccii (gills) ; Belgium (1); Aberdeen (1); Irish Atlantic Slope 
(1) ; Roscoff (1) ; Plymouth (1) ; Canada (2) ; Woods Hole, Mass., U.S.A. (2). 
_ _ (#) Diclidophora denticulata (gills) ; Plymouth (1). 
Diclidophora maccallumi (gills) ; Woods Hole (2). 
Merulinus Jordan & Evermann..........++ssssseeees seen eee eeee cece ee eeeeeee eres (TRIGLIDAE) 


MUM MLMTUS (11) c= cscs ccnscccsetetocscr seb ssasegescurccves Mies iy wi (ScIAENIDAE) 
enia melleni (eyes, skin) ; N.Y. Aquarium. 


PAR" 
FAK 1 
camel 


ef 


Iv. No. 44,—1946, . - 3% 
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Actinocleidus fusiformis (gills) ; Lake Oneida, N. Y. (1); Ohio (1); Tennessee (1) (3) ; 
Canada (1). 

Cleidodiscus megalonchus (gills, throat) ; U.S.A. (1) ; Canada (1). 

Cleidodiscus banghami (gills) ; Algonquin Park, Ontario, Canada (1) ; Ohio (1) ; 
Tennessee (1) (3). : 

Cleidodiscus rarus (gills) ; Tennessee (3). 

Gyrodactylus medius (skin) ; Canada (1). 

Urocleidus furcatus (gills) ; Tennessee (3). 

Urocleidus principalis (gills) ; Illinois (1) (2) ; Oklahoma (1) ; Tennessee (1) (3). 

Acolpenteron ureteroecetes (ureters, bladder) ; Michigan (1). 


Microstomus etit (Wallb.) oc. 3c on ss ale ines 5 0 ol se de ie» Bre ee sien eee (PLEURONECTIDAE) 
_ Gyrodactylus sp. (gills) ; Roscoff. 


Misgurnus fossilis {1i.) [==Cobttes fies eos ce oe ab 6 ee alee me ie ee eee rele (Commas) 
Gyrodactylus gracilis (gills) ; Europe. 
Gyrodactylus medius (gills) ; Europe. 
Ancyrocephalus cruciatus (gills) ; Vienna ; U.S.S.R.; Kostroma, U.S.8.R. > 


Mogurnda obscura (Tenam, & Schleg.)... 2... 00. san dees os me oss eeuee eee tee ae eee % (ELEOTRIDAE) 
Haliotrema mogurndae (gills) ; Kyéto, Japan. 


Mola.‘mola (lid: ,taseabees anod ceo -6'la 5k death 0 ce ee dls: ds saemognanle (Morimaz) 
Capsala martinieri (skin) ; N. Sea ; Mediterranean; Atlantic ; California. 
Japsala cephala (skin) ; Europe. 
Capsala cutanea (skin) ; Monaco ; Corsica. 
Capsala grimaldii (skin) ; Mediterranean. 7 
(2) Capsala molae (gills); Mediterranean; Atlantic; British Coasts; W. of 
Treland ; Canada; Woods Hole, Mass., U.S.A, ae 
Tristoma papillosum (gills); N. Sea; Atlantic; Mediterranean. 


Mola Plemiiig-< 5.0 cbvesvsccccsacccosccvevesfuphe’ds (lg giIee a nn ...(GADIDAE) 


Molva molva (L.) (1); M. dipterygia Smith [=M. byrkelange Walb.] (2). 
(?) Pteronella molvae (on Caligus sp., on skin) ; Belgian Coast (1). 
‘Linguadactyla molvae (gills) ; off Bergen, Norway (2). 
Diclidophora palmata (gills) ; Bergen ; Belgium (1) ; Roscoff (1) ; Plymouth (1) ; 
Ireland (1); Irish Atlantic Slope (1); Cullercoats, Northumberland (1) ; 
Aberdeen (1). 


Morone Mitchill: et vide Chrysoperca Fowler...........0ceccececececucvcuceeeuces (SERRANIDAE) 


Morone labrax (L.) (1); M. americana (Gmel.) (2). 

Diplectanum aequans (gills) ; Europe (1); Belgium (1); Scotland (1). 

Udonella (?) lupi (on Caligus sp., on skin); (%) Brest (1); (on Caligus minutus 
of Stossich) —Mediterranean (1). 

Plectanocotyle elliptica (gills) ; Europe (1). 

Microcotyle labracis (gills) ; Atlantic (1) ; Brest (1); Roscoff ny Liverpool (1) ; 
Genoa (1). 

Choricotyle labracis (gills) ; White Bank, N. Sea (1). 

Pedocotyle morone (gills) ; Atlantic Coast, N. America (2). 


Motella Cuv.: vide Onos Risso. : f : 


Mozxostoma duquesnit (LeSueur) (1) ; WM. aniswrum (Raf.) (2) ; M. erythurum Raf. (3). .(Caostomipa) 
Neodactylogyrus duquesni (gills) ; N.Y. State (1). 
Neodactylogyrus ursus (gills) ; N.Y. State (2). ad : 
Murraytrema copulatum (gills); near Panama, N.Y. (2) (3). (we 
Anonchohaptor anomalus (gills) ; Chautauqua Lake, N.Y. State (1). a recall 

Mughs Ts os Sic enn's wan cee ve dklnd pis teks Onl ee ee oe wakin-e ap Aaa to 9 
ug . Ss &3 Ao +( ee 


yey 


. 
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_ Mugil cephalus L. (1); M. chelo Cuv. (2);  M. auratus Risso (3); M. parsia 
. Bleeker (4). 
A Gyrodactylus sp. of v. Ben., 1870 (gills) ; Europe (2). 
Ancyrocephalus alatus (gills) ; Bombay, India (4). 

a Aneyrocephalus vanbenedenii (gills) ; Mediterranean (3). 

al Benedenia monticelli (gills) ; Mediterranean (3). 

Microcotyle cephalus (gills) ; Alexandria, Egypt (1). 

Microcotyle mugilis (gills) ; Genoa (1) ; Roscoff (1) ; Sea of Ariake, Kusyu, Japan (1). 
ADAMI 02 4, « Gos. 5. 9, 0 «su 8 dak SG Cana HRA cxecess Gs & <ipdipiyss noo» wp (MuURAENIDAE) 
_ Enoplocotyle minima (skin) ; Naples. 
Muraenesox telabonoides Bleeker. 

-Ancyrocephalus alatus (gills) ; Bombay, India. 

Lamellodiscus belengeri (gills) ; Bombay, India. 
Musteusl Cuv. [including Oynias Gill].................05. Pee raters 2s Chai as Baa (CARCHARINIDAR) 
Mustelus mustelus (L.) [including Cynias canis (Mitchill)] (1) ; M. manazo Bleeker (2) ; 

M. antarcticus Giinther (3). 

Calicotyle stossichi (skin) ; Berlin Aquarium (from Mediterranean) (1). 

Macrophyllida antarctica (gills) ; Port Philip Bay, Australia (3). 

Hexabothrium musteli (gills) ; N. American Atlantic (1). 

Squalonchocotyle antarctica (gills) ; Port Philip Bay, Australia (3). 

Squalonchocotyle catenulata (gills) ; Naples (1) ; Adriatic (1). 

Squalonchocotyle galeorhini (gills) ; Cap Blane de Mauritanie, off Rio de Oro (4). 

Squalonchocotyle vulgaris (gills); Roscoff (1); N. Sea (1); Adriatic (1); 

Naples (1) ; Vladivostok (2). 

(?) Erpocotyle laevis (gills) ; Belgian Coast (1). 
ER SN aera: cavn y+ on < «°n dle Eaaiaity Wels ORS Mepes <a pale wie we ee _....(SERRANIDAE) 

Benedenia adenea (skin) ; Socorro Island, off Mexico (sp.). 


\ it yliobatis Dumeril : vide Aetobatus Blainv. 
; Narcacion marmoratus [= Torpedo marmoratus, q.v.]. 
Te ES Se. o's 4S hina 01a 0 ogy eh oo 8 eee Mew AS Hee bs Kae he as as me (CARANGIDAE) 
Ancyrocotyle bartschi (gills) ; Puerto Rico. 
Ancyrocotyle vallei (gills) ; Mediterranean. 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
EEE IRSROL DS 25-60 Ey a yar Sake eae Fah ae MAMTA Haga os nas wx ow s of (GOBETEDAB) 
Nemacheilus barbatula (L.) (1) ; N. dorsalis (Kessler) (2) ; N. stoliczkai (Steindachner (3). 
-Gyrodactylus elegans (gills, fins); Europe (1); Denmark (1); Freiburg im 
; Breisgau (1). 
Gyrodactylus nemachili (gills) ; River Tschu, Kirghiz (2) (3). 
Gyrodactylus sp. of Wegener (gills) ; E. Prussia. 
Gyrodactylus parvus (gills) ; River Tschu, Kirghiz (3). 
_ Dactylogyrus meridionalis (gills) ; River Tschu, Kirghiz (2) (3). 
‘oN eomaenis Girard : vide Lutianus Bloch. 
eosilurus hyrtlit Steindachner........ 2b cre Lats RR OUIME 3 Vicars 0 alls os (PLoTostDAB) 
_Anchylodiscus sp. of Johnst. & Tiegs (gills); Paroo River, 8.W. Queensland, 
+ Australia. 
emia Rieghardson.............+--- PE Cars ae 8 Sas ae aie wel ye 3 eK (NOTOTHENTIDAE) 
ia macrocephala Giinther (1) ; N. colbecki Boulenger (2). 
u dobenedenia nototheniae (skin) ; Antipodes Isles (1) (2) ; Macquarie Isles (1). 
otyle cyclophora ; Navarin, Puerto Toro, Brazil (? sp.). 
Raf. : et vide Luwilus Raf. and Hybopsis Agassiz .......+..00sseeee sees ee es (CyPRINIDAR) 
3Z2 


; iP 
es “a 


“f 
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Notropis atherinoides Raf. (1); N. photogenis (Cope) (2); N. rubellus (Agassiz) (3). 
Neodactylogyrus orchis (gills) ; N.Y. State (1). 
Neodactylogyrus photogenis (gills) ; N.Y. State (2). 
Neodactylogyrus rubellus (gills) ; N.Y. State (3). 


Oligoplites saurus (Bloch & Schneider). ...... 2... ecee eee eee cert ence eet eeeessees (CARANGIDAE) 


Axinoides oligoplitis (gills) ; San Francisco, Ecuador. 
Oncorhynchus kisutch (Walb.) (1) ; O. masou (Brevoort) (2)... 6.5.6. ee eee eee eee eens (SALMONIDAE) 


Tetraonchus alaskensis (gills) ; Sikkoh Bay, Alaska (1). 
Encotyllabe masu (gills) ; Japan (2). 
Onos mustelus (L:) (1); O. tricirratus (Bloch) (2)..-. ©. 5. ccateetsssuss ese ea wae hae ee (GADIDAE) 
Gyrodactylus elegans (gills) ; Heligoland (1). 
Gyrodactylus medius (gills, skin, fins) ; Plymouth (1) (2). 


Ophsodon elongatus Girard . i. 6 one 6 nso oe hln soc ow ed ey WE OELE nr See en ee (HEXAGRAMMIDAE) 
Microcotyle sebastis (gills) ; Puget Sound, American Pacific. : 

Onpladelusolivaria (Reais) i dads. .'< waisian . si. «0 tse Sig tigi) elated Staats sae te Se (AMEIURIDAE) 
Cleidodiscus mirabilis (gills) ; U.S.A. 

Orthoprietis. chrysopterus (L.)ii. i. Oss 2S iS Te ee eee Oe (PomaDasyIDAB) 
Diclidophora sp. of Linton, 1905 (gills) ; Beaufort, N. Carolina, 

Pagellus Cuv. & Val. : et-vide Sparus L.... 09 Seas saree etn eee eon et (SPARIDAE) 


Pagellus centrodontus (Delaroche) (1) ; P. erythrinus (L.) (2) ; P. acarne (Risso) (3) ; 
P. mormyrus (L.) (4). . 
Encotyllabe pagelli (gills) ; Belgian Coast (1); W. of Ireland (1). 
Microcotyle centrodonti (gills) ; London Aquarium (1) ; Looe, Cornwall (1). 
Microcotyle erythrini (gills) ; Brest (2) ; Genoa (3). 
Microcotyle mormyri (gills) ; Genoa (4); Trieste (4). 
Choricotyle chrysophryi (gills) ; Irish Atlantic Slope (1). 
Choricotyle pagelli (gills) ; S.W. Ireland (1). 
Bagi g te) AL et ed PA (SPARIDAE) 
Pagrosomus auratus (Houttuyn) (1); P. wnicolor (Quoy & Gaimard) (2); P. major i Ae 
(Temm. & Schleg.) (3). 
Lamellodiscus pagrosomi (gills) ; Port Philip Bay, Australia (1) ; Japan (2). 
Benedenia madai (gills) ; Japan (3). 
Benedenia pagrosomi (gills) ; Japan (3). 
Benedenia sekii (skin) ; Otya, Hiroshima, Inland Sea, Japan (2). 
Encotyllabe pagrosomi (mouth, throat) ; Australia (1). 
Microcotyle ichimidai (gills) ; Japan (3). 
Microcotyle pagrosomi (gills) ; Port Philip Bay, Australia (1). 
Microcotyle tai (gills) ; Inland Sea, Japan (2). 
Choricotyle elongata (on Meinertia oxyrhyncha Koelbil, in mouth) ; Inland Sea, 
Japan (2). 
Pages Cove. stein nao caleigts> ins p),0 450-0 8 x as ob nee Cees sole mele Te ee (SpaRtDar) 
Pagrus pagrus (L.) (1); P. orphus (Risso) (2); P. tumifrons Temm. & Schleg, (3). 
Anoplodiscus richiardii (gills) ; Mediterranean (2), 
Diplectanum echineis (gills) ; Trieste (1). 
Microcotyle archosargi (gills) ; N. American Atlantic ( 1). 
Choricotyle elongata (on Cymothoa sp., in mouth); Mogi, near Nagasaki (3) ; 
and Hakodate, Japan (3). Nee 


: 


Paralabrax maculatofasciatus (Steindachner) ............0.cceececeeces Pret aks -....(SEE 

Benedenia melleni (eyes, skin) ; N.Y. Aquarium. x 
Paralichthys dentatus (L.) (1); P. californicus (Ayres) (2); P. iain, Jord. & + 
Gilbert (S)o0 0... Ge ies ee 


Entobdella squamula (skin) ; Alaska to California (2). 
Heterobothrium affine (mouth) ; Woods Hole (!) ; Louisiana (3). 
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' -Paranthias eee remain es Ce. Wal ) «5. Ss) See RR, ra idatess aria, ot elie W Saldc's od se wins enmauianan: 
____ Hemitagia galapagensis (gills) ; Tagus Cove, Albemarle Island, Galapagos Islands. 
4 Parapristipoma premesnm re  Cun hero), as green Ga Bel ch ded Fie oh wilelan es (PoMADASYIDAE) 
4 : # Microcotyle truncata (gills) ; Japan. _ 
— Parasilurus asotus Rie ett 27) ee eee REET Monte ds Sh atk nat d ye ap Le i. (SILURIDAE) 


____ Aneylodiscoides asoti (gills) ; Okinohata, near Okajama, Japan. 
" Ancylodiscoides parasiluri (gills) ; Lake Siwa, Nagano, Japan. 
.* Parathunnus mebachi Kishinouye [=P. sibi of Kitahara] .......... ince MURS A eee aati k= (SCOMBRIDAE) 
_ Capsala nozawae (fin) ; Hokkaido, Japan. 
_ Hexostoma acutum (gills) ; Hagi, Osatube, Japan. 
a4 Hexostoma grossum (gills) ; Misaki, Japan. 
Paratractus Gill: et vide Caranx Lac., Trachurus Raf., and Xurel Jordan & Evermann. .(CARANGIDAE) 
- Paratractus erysos (Mitchill). 
, Microcotyle incomparabilis (gills) ; Key West, Florida. 
- Cemocotyle carangis (gills) ; Woods Hole, Mass., U.S.A. 


EES: CL ene OE co ee Ae 2) re (CYPRINIDAE) 
Neodactylogyrus scutatus (gills) ; N.Y. State. 
Ree RIT Os (MLICCH IN) (0. < . a <i) sw odin Pepe 2 w ee la wate reek vn di0l ed cme nta na (DASYATIDAE) 


Heterocotyle minima (gills) ; Woods Hole, Mass., U.S.A. 
Dasybatotrema dasybatis (gills) ; Woods Hole. 
Thaumatocotyle dasybatis (nasal fossae, gills) ; Woods Hole. 
Entobdella bumpusi (skin) ; Woods Hole ; Labrador. 

_Pegusa Giinther : vide Solea Quensel. 

Pelamys Cuv. & Val.: vide Sarda Cuv. 

RTL Pe Rat POR .s 4s OT ORE oad A Rice ed « dard Wee ahid «as (CYPRINIDAE) 
Dactylogyrus fallax (gills) ; Kostroma, U.S.S.R. : 
Neodactylogyrus simplicimalleatus (gills) ; Lake Beloje, U.S.S.R.; Aral Sea. 

_ Neodactylogyrus simplicimalleatus forma minor (gills) ; Lake Baiiel U.S.S.R. 
Diplozoon paradoxum (gills) ; Beloje Lake, Kostroma and Newabucht, U.S.S.R. 


Ge 6) SR Lord k sc le Sono se ae 8 Eg wh Fs Wl 9 aM. oe ROME wi Ae one «4 Ne ae 
Choricotyle multaetesticulae (gills) ; Bombay, India. 
———- Pentapodus mili ..... 1... ee ete etn ee ence tence eee ees (LETHRINIDAE) _ 
Microcotyle pentapodi (gills) ; Rockingham, W. Australia. 
prerca jouviatiiee L. (1); Perca flavescens Mitchill (2)...........0ceccenecccaccceeseurss (PERCIDAE) 


Dactylogyrus auriculatus (gills) ; Europe (1). 

Dactylogyrus uncinatus (gills) ; Europe (1). 
_ Neodactylogyrus tenuis (gills) ; Vienna (1). 
_ Aneyrocephalus paradoxus (gills) ; Germany (1) ; E. Prussia (1) ; Karelian Lakes 
, and Kostroma, U.S.S.R. (1). 
_ Cleidodiscus sp. of Mizelle & Donahue (gills) ; Algonquin Park, Ontario, Canada (2). 
 Urocleidus adspectus (gills) ; New York (2) ; Algonquin Park, Ontario, Canada (2). 
IE) es ce oes na 5 gin Be ena oy wes rie oe ta te e's os (PERCIDAE) 
Urocleidus malleus (gills) ; N.Y. State. 
v OS gala Rc P. rubulosus (2). vidi. cere nanciesccewessdecenesenarcsyscsees (PHOLIDAE) 
ocotyle fusiformis (gills) ; Japan (2) ; Northumberland (1); Plymouth (1). 
Berea Pak) [—-Opladelus o. (Raf.)] sic cs .e- sms tensesneesscesesnnveuss (AMEIURIDA®) 
discus mirabilis (gills) ; Mississippi River. 
inus (L.) [=P. laevis Agassiz, =P. aphya (L.)] ..+...see cere eee rene eee (CYPRINIDAE) 
s elegans (gills) ; Europe ; Denmark. 
medius (gills) ; near Edinburgh, Scotland. 
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Neodactylogyrus borealis (gills) ; Sweden. 
Diplozoon paradoxum (gills) ; Berlin Aquarium ; Europe. 
Phycis Schneider : vide Urophycis Gill. 
Platichthys Girard : vide Pleuronectes L. 
Platycephalus bassensis Cuv, & Vali. ¢. ioc... 2. sti. 0/0. 30) ee (PLATYCEPHALIDAE) 
Ancyrocephalus bassensis (gills) ; Port Philip Bay, Australia. 
Ancyrocephalus vesiculosus (gills) ; Victoria, Australia. 
Microcotyle bassensis (gills) ; Port Philip Bay, Victoria, Australia. 


Plecoglossus altivelts'Temim. '& Schleg...... 2... .% 40sec een neath eet es > 2 ee (SALMONIDAE) 
Gyrodactylus japonicus (gills, skin) ; Japan. 

Pleetroplhites ambiguus (Richardson)... ..06..5.6vecens ees ses ane SW vie vets e Sheeel SretE nate (SERRANIDAE) 
Diplectanum spari (gills) ; Inland Sea, Japan. pare 

Plectorhynchus pichia (Thiinberg). .... 65 5. c05+ <5. 5 lees sities « sein .....(POMADASYIDAE) 
Encotyllabe spari (gills) ; Inland Sea, Japan. . 

Pleuronectes L. : et vide Microstomus Gottsche............cecesseeees Ree ears (PLEURONECTIDAE) 


Pleuronectes platessa L. (1); P. flesus L. (2). 
Gyrodactylus (?) n. sp. (gills) ; Plymouth (1). 
Gyrodactylus elegans (gills) ; Irish Sea (1). 
Udonella sp. of Montic., 1889 (on Caligus sp., on skin) ; Wimereux (2). 
Pneumatophorus Jordan & Gilbert. .....0..c00cecceeceecenccucteecnceucteveeeces (SCOMBRIDAE) 
Pneumatophorus colias (Gmel.) [=Scomber c. Gmel.] (1) ; P. grea (2) ; P. japonicus 
(Houttuyn) (3). 
Dactylogyrus inversus (gills) ; Japan (3). 
Kuhnia scombri (gills); Mediterranean (1); (?) Woods Hole, U.S.A. (1); 
Newport, Rhode Island, U.S.A. (1) ; Vladivostok (3) ; Misaki, Japan (1) (3). 
Kuhnia minor (gills) ; Hagi and Misaki, Japan (1),(3) 
Grubea cochlear (gills) ; Naples (1) ; Portoferrajo, Italy (1) ; Woods Hole, U.S.A. (2). 
Gastrocotyle japonica (gills) ; Japan (3). 
Pogonvas chramis Aly. oct. leds see ne ie eee ee te © oe Miata ele etn eS (Sctamivr an) 
Microcotyle pogoniae (gills) ; N. America. 
Pollachius Nilsson : vide Gadus L. 
+ Povjodon 'SpaLWile (VW Al bAaTIMn) .os,6.'s, 0's. <' +! 62 s's/0's'on olg Siw iece nae) CON eget (SELACHIL : POLYODONTIDAER) 
Diclybothrium hamulatum (gills); Lower Tallahatchie River, U.S.A. ; Reelfoot 
Lake, Tennessee. 


Polynemus Quratus .....0. 00. ce cece cence se vesenclengeun eeensue a ave ah eae aN el, (POLYNEMIDAE) 
Microcotyle polynemi (gills) ; Java, Batavia. 
Pomacanthus arcuatus (L.) (1); P. paru (Bloch) (2)... 0.0 cs. a see ss dusleme seas (CHAETODONTIDAR) 


Benedenia melleni (eyes, skin) ; N.Y. Aquarium (1) (2). 
Microcotyle pomacanthi (gills) ; N.Y. Aquarium (1). 
Pompatomns' saliatrte CLs Vy vee» Sens 24. «5 vin 2 Siete nab. 0\5 0 0/5, viele ata ae (PoMATOMIDAEB) 
Benedenia melleni (eyes, skin) ;* N.Y. Aquarium. ‘ 
Microcotyle australiensis (gills) ; Sydney, Australia. 
 Microcotyle pomatomi (gills) ; Woods Hole ; Newport, Rhode Island, U.S.A. 


Pomolobus mediocris (Mitchill) (1) ; P. pseudoharengus (Wilson) 64 a pre, ary (CLUPEIDAE) 
Mazocraeoides georgei (gills) ; Woods Hole (1) (2). hn 
Pomoxis sparoides (Lac.) (1); P. annularis Raf. (2); P. nigromaculatus (3)........ (CeNTRARCHTDAR) z 

Cleidodiscus capax (gills) ; Illinois River, Havana (1) (2); Lake Dekatur (2); 
Lake Sinachumie (1) ; Reelfoot Lake, Tennessee (2) (3). ; 8 


Cleidodiscus longus (gills) ; Illinois (2) ; Oklahoma (2) ; Reelfoot Lake, Tennessee (2). 
Cleidodiscus uniformis (gills); Illinois (2); Oklahoma (2); Reelfoot lake, 
Tennessee (2). 
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Cleidodiscus vancleavi (gills) ; Illinois (1) (2) ; Oklahoma (1) (2) ; Reelfoot Lake, 
Tennessee (2) (3) ; Lake Okeechobee, Florida (2). 


EITC OM ULCCK). . fu las ae oh ae a I Gs tees bb ececces (STROMATEIDAE) 
Microcotyle poronoti (gills) ; ihe Hole, Mass., U.S.A. 
Priacanthus arenatus (Cuv. & Val.) (1); P. cruentatus (Lac.) (2) ...... ec. e eee eee (PRIACANTHIDAE) 


Ancyrocephalus similis (gills) ; ne Aquarium (1) (2). 
Microcotyle priacanthi (gills) ; Hood Island, Galapagos Islands (? sp.). 
Prionotus Lac. : et vide Merulinus Jordan & Evermann........0.e.cecsesceecececees (TRIGLIDAE) 
Prionotus evolans (L.). 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Pristiophorus cirratus (Latham)... 12.6... .ccc cee e eee e ccc scesaeeees Ver err (PRISTIOPHORIDAE) 
Calicotyle inermis (pouch-like diverticulum of oviduct); Port Philip Bay, 
Victoria, Australia. 
Pristipoma japonicum: vide Parapristipoma trilineatum. 
EME TeHInOONIe (HAL) 2 80 ee oI ed Ns eee (SCYLIORHINIDAE) 
Leptobothrium pristiuri (skin, dorsum) ; 8. W. Ireland. 
mmemmrans tartare (Lichtenstein)..............: sn beceeecccvedecscsece ars, Ne sears (SERRANIDAB) 
Diplectanum americanum (gills); N.Y. Aquarium. 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Pweurupencia Dieeker: et vide Upeneus Cuv....2......cecenssesvevesc. ss a ee (MULLIDAE) 
Pseudupeneus chrysopleuron (Temm. & Schleg.). 
_ Haliotrema japonense (gills) ; Inland Sea, Japan. 
Puntius puckelli Day (1); P. ticto (Ham. Buch.) (2); P.lateristriga (C. V.) (3)........ (CYPRINIDAE) 
Dactylogyrus moorthyi (gills) ; Chitaldrug district, Mysore, India (1) (2). 
_ Dactylogyrus puntii (gills) ; Java (3). 


MP UjosteUs PUNGUIUS (Li)... 6 ce cere cece eee ene LEAD est TEM AURIS chanics « Os . (GASTEROSTEIDAE) 
Gyrodactylus rarus (gills) ; Newabucht (—Neva Gulf), U.S. S.R, 
Mg aaa sn ae oe Tien 5 41) WG Wie nls 6 WOR MN AM a6 uo 4 0ike' «hse 8 (RagtDAE) 


Raja batis L. (1); R. circularis Couch (2); R. clavata L. (3); R. montagwi Fowler 

[=R. maculata Montagu] (4); R. oxyrhynchus L. (5); BR. radiata Don. 
(6) ; R. apa Mitchill (7); &. naevus Miller & Henle [=R: circularis Day, 
non Couch] (8); R. fullonica L. (9); R. microcellata Montagu (10); R. binoculata 
Girard (11) ; “4 stellata Jord. & Gilbert (12); R. rhina Jord. & Gilbert (13) ; 
R. marginata Lac. [=R. alba Day, non Lac.=R. macrorhyncha Raf., partim] 
(14); R. punctata (15); R. diaphanes Mitchill (16); R. kenojei Mitchill (17) ; 
R. lintea Fries (18); R. brachyura Lafont [=R. blanda Holt & Calderwood] 
(19). 

Acanthocotyle branchialis (gills, spiracle) ; Belgian Coast (3). 
Acanthocotyle borealis (skin) ; N. Sea, off Bergen, Norway (6). 

- Acanthocotyle elegans (skin) ; Naples (3). 

Acanthocotyle lobianchi (skin) ; Mediterranean (3) ; S. Devon (? sp.). 

Acanthocotyle monticellii (gills, fins) ; Aberdeen (3); Plymouth (3). 

Acanthocotyle oligoterus (skin) ; Naples (3) (13). 

Acanthocotyle pacifica (skin, rarely gills) ; Puget Sound (11) (12) (13). 

i Acanthocotyle pugetensis (gills) ; Puget Sound (11). 

Acanthocotyle verrilli (skin) ; off Cape Cod (? sp.) ; Maine Coast, U.S.A. (6) ; 

- Ganada (6) ; Woods Hole (7). 

anthocotyle williamsi (skin) ; Salt Tadd, Aleutian Isles (? sp.). 

anthocotyle sp. of Nicoll (skin) ; Plymouth (4). 

e kroyeri (rectum, cloaca, rarely gills); Kattegat (1); Trieste (3) (8) ; 

Atlantic Slope (5) (8) (9) (10) W. Ireland (4) ; Clyde (3) ; Shetlands (6); 

erdeen (6) ; Northumberland (3) (6) ; Plymouth (2) (3) (4) ; Irish Sea (3) ; 

d. iga ; Bey. N. Wales (3). 
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Dictyocotyle coeliaca (body cavity) ; N. Sea (6) (18). 

Merizocotyle diaphana (gills) ; Ostend (1). 

Merizocotyle minor (gills) ; Roscoff (? sp.) (5). 

Merizocotyle pugetensis (nares) ; Friday Harbour, Washington (11). 

Thaumatocotyle dasybatis (nasal fossae, gills) ; Woods Hole (7). 

Empruthotrema raiae (nasal fossae) ; Woods Hole (7) (16). \ 

Tristoma fuhrmanni ; Europe (? sp.). 

Rajonchocotyle alba (gills) ; Roscoff (14). 

Rajonchocotyle batis (gills, spiracle) ; Liége (1) ; Roscoff (3); Porcupine Bank, 
W. of Ireland (1); Irish Atlantic Slope (3); Ostend (1); Skager-Rak (1). 

Rajonchocotyle emarginata (gills); Scandinavia (“‘in mari Bahusiae’’) (3); Plymouth 
(3) ; Roscoff (3) ; Cardigan Bay, N. Wales (3) ; Mediterranean (3). 

Rajonchocotyle (?) blandae (gills) ; Roscoff (19). 

Rajonchocotyle (?) clavata (gills) ; Irish Sea (3). 

Rajonchocotyle kenojei (gills) ; K6ti, Japan (17). 

Rajonchocotyle (?) miraletus (gills) ; Porcupine Bank, W. Ireland (8). 

Rajonchocotyle ovata (gills) ; Pacific Coast, N. America (11). 

Rajonchocotyle prenanti (gills) ; Roscoff (5) ; Trieste (5). 

Rajonchocotyle wehri (gills) ; Friday Harbour, Washington (12). 


Remora remora (U,) sino .5 60 ss ons 20s a's 2s wip'e'n oe sible eiyls |b toe ck gen ieee tiple a (ECHENEIDAE) 
Dionchus agassizi (gills) ; Woods Hole, Mass., U.S.A. 

Remoropsts brachyptera (Lowe) « «soc. s's + sce v.05» «oa mleldnlep eileen pe a (ECHENEIDAE) 
Dionchus agassizi (gills) ; Newport, Rhode Island ; Woods Hole, Mass. ; New York. . 

Reniceps BOUT (Ta. ¥ ha ee lew oa'e is oo bw wwe Me o's wm sv SD tale aoe (CARCHARINIDAE) 


Squalonchocotyle tiburionis (gills) ; Tortugas, Florida. 


Rhamdia rogersse(BoeCann) ccs. ss «ve oso es «a's uc cers rete p Dene ene ene wt wi (PIMELODIDAE) — 
Cleidodiscus chavarriai (gills) ; Costa Rica. 
Cleidodiscus travassosi (gills) ; Costa Rica. 

Rhina Klein: vide Squatina Dumeril. 


AEPUROTOVUUS TONGUCON EM.) oa oom se «+ vw. one 6 0 1p,5 » »beehn vie orn teeen, Olga, en ae (OSTRACIONTIDAE) 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 


Rhinoniera javanica Milleri&: Henle. . «.. . « i/s03:\2 «2 sms Vn ka ee eee (MyYLIoBATIDAB) 
Benedenia macrocolpa (skin) ; Kalpitiya and Dutch Bay, Ceylon. 


Rhodeus amarus (Bloch) (1); BR: sericeus (Pallas) (2). 02.00)... UelcWe eects ston volt w Ue ee “(Oxcetarrrn a8) 
Neodactylogyrus bicornis (gills) ; Kiev and Dnjepropetrovsk (2). 
Neodactylogyrus megastoma (gills) ; Europe (1) ; Germany (1). 
Diplozoon paradoxum (gills) ; Europe (1). 


Rhombus Cuv.: vide Scophthalmus Raf. 


Roccus lincatus auct.[=K, earaltlis (Walb.)].... 0... <a usuis titan eens es es on (SERRANIDAE) 
Urocleidus hastatus (gills) ; Florida. 
Diplectanum collinsi (gills) ; Florida. 

Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 

Microcotyle eueides (gills) ; Atlantic Coast, N. America. 

Microcotyle macroura (gills) ; Atlantic Coast, N. America. 

Lithidiocotyle acanthophallus (gills) ; N.Y. SUA 


Butilus Bak... oes ees bee's as sls sie vs sa vnsiv'e's 4 <3» «ee «0 crn Oa 


Rutilus rutilus (L.) (1) ; BR. frisii (Nordmann) (2); ; R. frisii katum (Kamensky) (3). _ 
Gyrodactylus elegans (gills, skin) ; Europe (1). 
Gyrodactylus gracilis (gills) ; Germany (1). 

Dactylogyrus anchoratus (gills) ; Kostroma, U.S.S8.R. (1). 
Dactylogyrus dujardinianus (gills) ; Europe (1). 


G2. 
oF 
a 
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Dactylogyrus fallax. (gills); Germany (1); E.. Prussia (1); Sweden (1); 
Newabucht (Neva Gulf) and Kostroma, U.S.S.R. (1). 
Dactylogyrus nanus (gills) ; Aral Sea (1); U.S.S.R. (1). 
Dactylogyrus similis (gills) ; E. Prussia (1) ; Sweden (1) ; Newabucht, U.S.S.R. (1). 
Dactylogyrus sphyrna (gills); Aral Sea (1); Newabucht and Kostroma, U.S.S.R. (1). 
Dactylogyrus (?) trigonodistoma (gills) ; Europe (1). 
Neodactylogyrus cornu (gills) ; U.S.S.R. (2) ; Kostroma, U.S.S.R. (1). 
Neodactylogyrus crucifer (gills); Lake Beloje and Newabucht, U.S.S.R. (1) ; 
Aral Sea (1) ; Germany (1) ; Sweden (1). 
Neodactylogyrus frisii (gills) ; Caspian (3). 
_ Neodactylogyrus gemellus (gills) ; Sweden (1). 
Neodactylogyrus micracanthus (gills) ; Sweden (1). 
Neodactylogyrus nybelini (gills) ; Ukraine (2). 
Neodactylogyrus suecicus (gills) ; Sweden (1). 
Neodactylogyrus sp. of Bychowsky, 1934 (gills) ; Lake Beloje, U.S.S.R. (1). 
Diplozoon paradoxum (gills) ; Europe (1) ; Lake Beloje, Newabucht and Kostroma, 
U.S.S.R. (1) ; Nottingham, England (1). 
Salmo salar L. (1) ; S. mykiss Walb. (2); S. irideus Gibbons (3) ; S. trutta L. (4)...... (SALMONIDAE)> 
Gyrodactylus sp. (gills, skin) ; Europe (1). 
Tetraonchus alaskensis (gills) ; Alaska (2). 
Discocotyle sagittata (gills) ; Europe (1) (3) (4) ; Edinburgh (4) ; Peeblesshire (4) ; 
Perthshire (4); Barra, Outer Hebrides (4); Yorkshire (4); Lake Winder- 
mere (4); N. Wales (4); Jersey (4) ; Germany (1) (3) (4). 
Discocotyle (?) sybillae (gills) ; Loch Tay, Perthshire, Scotland (1). 
Discocotyle salmonis (gills); N.Y. State Hatcheries (3); Cold Spring Harbour, 
Long Island, U.S.A. (1) (3). 
PEPECLI SM ENICHATOSON, 5 .2.¢ 2.00.0 os ans o,0 + clels's hole’ 1 RN Rey ty ce Se Spies (SALMONIDAE)- 
Salvelinus malma spectabilis (Girard) (1); S. fontinalis (Mitchill) (2); S. alpinus 
(L.) (3). 
Tetraonchus alaskensis (gills) ; Alaska (1). 
Tetraonchus arcticus (gills); Winter parasite in fresh waters of Novaya Zemlia (3). 
Discocotyle salmonis (gills) ; U.S.A. (2). 
Sarda sarda (Bloch)................. \. oerlatolll, © < la ee oo Bie es oe ela Dah (ScOMBRIDAE)> 
Capsala pelamydis (gills) ; Naples. 
Hexostoma thynni (gills) ; Woods Hole, Mass., U.S.A. ; Mediterranean (Naples) ; 
and Portoferrajo, Italy. 
Sardinia pilchardus (Walb.) [=Clupea pilchardus Day]............ 00 eee eee cece (CLUPEIDAE): 
Mazocraés pilchardi (gills) ; (?) Belgian Coast. 
Sargus Cuv.: vide Diplodus Raf. 
“Sawara’”’: vide Cybiwm Cuv. 
— Scardinius RMT I: (12 Yo RU a! Aetes sid usw cu tA IEE ES, MOEA SAS eee ofl ad « (CYPRINIDAE). 
Gyrodactylus gracilis (skin, gills) ; Europe ; Germany. 
Dactylogyrus fallax (gills) ; Europe; Germany ; E. Prussia ; Sweden, 
 Neodactylogyrus crucifer (gills); Europe; Germany; E. Prussia; U.S.S.R. ; 
aM Lake Beloje, U.S.S.R. (? sp.). 
_ Neodactylogyrus difformis (gills) ; Europe ; Germany ; Sweden. 
a lozoon paradoxum (gills) ; Europe ; Nottingham, England ; Newabucht, U.S.S.R. 
ic pseudaksaiensis Pitre RUA a, Cate CEES Oe ls nN, Ain aie 54105 5d tie Mad ae 
‘0 ae nemachili (gills) ; River Tschu, Kirghiz. 
i iu forceps (gills) ; River Tschu, Kirghiz. 
logyrus linstowi (gills) ; River Tschu, Kirghiz. 
! s longicopula (gills) ; River Tschu, Kirghiz. 
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Setaena Ta. 5.) «ces anlt eee tase Pes semen a as < avis ba a weet er eee seen Uer ....+(SCIAENIDAB) 


Sciaena aquila Risso (1); S. schlegeli (Bleeker) (2) ; S. cirrosa L. [?=8. wmbrina] (3) ; 

S. antarctica Castelnau (4); S. sinia (C. V.) (5); 8. belengeri (C. V.) (6); 
S. carutta (Bloch) (7). 

Diplectanum aequans (gills) ; Mediterranean (3). 

Diplectanum sciaenae (gills) ; Mediterranean (1) (3). 

Lamellodiscus belengeri (gills); Bombay, India (6) (7). 

Calceostoma calceostoma (gills) ; Europe (1); Belgium (1); Pisa (3); Genoa (3). 

Calceostoma glandulosum (gills) ; Caloundra, 8. Queensland (4). 

Calceostoma inerme (gills) ; Pisa (3). 

Calceostoma sciaenae (gills) ; Hamazima, Mie, Japan (2). 

Calceostoma sp. of Par. & Per. (gills) ; Mediterranean (3). 

Udonella (?) sciaenae (on egg-sacs of Anchorella sp.); (?%) Belgium (1). 

Benedenia sciaenae (? skin) ; Ostend (1); Italy (1). 

Bilateracotyle chirocentrosus (gills) ; Bombay, India (6). 

Microcotyle sciaenae (gills) ; Mogi, Nagasaki, Japan (5). 

Microcotyle sciaenicola (gills) ; Moreton Bay, Queensland, Australia (4). 

Microcotyle pancerii (gills) ; Pisa (3). 

Melerotss minsatus (Jordan). 25. os oid se bane wale a5 9 8 ln ee ee ete gine ee (CENTRARCHIDAE) 
Actinocleidus brevicirrus (gills) ; Reelfoot Lake, Tennessee. 
Actinocleidus subtriangularis (gills) ; Reelfoot Lake, Tennessee. 

Cleidodiscus chelatus (gills) ; Reelfoot Lake, Tennessee. 
Cleidodiscus venardi (gills) ; Reelfoot Lake, Tennessee. 
Urocleidus attenuatus (gills) ; Reelfoot Lake, Tennessee. 
Urocleidus chaenobryttus (gills) ; Reelfoot Lake, Tennessee. 
Urocleidus miniatus (gills) ; Reelfoot Lake, Tennessee. 
Urocleidus parvicirrus (gills) ; Reelfoot Lake, Tennessee. 


Scoliodon terrae-novae (Richardson) (1); S. sorrakowah (Cuv.) (2)........00ee scene (CARCHARINIDAE) 
Loimos scoliodoni (gills) ; N. Carolina (1). ‘ 
Loimos secundus (gills) ; Indian Ocean (2). 

Scomber scombrus L. (1); S. microlepidotus Riipp. (2) [et vide Pnewmatophorus Jord. & 

RAAT xiao pie ci6 wien op bis ee ol a 0.0 pews dcea ds a ele Hale Bile he oem en (SCOMBRIDAE) 
Kuhnia scombri (gills); N. Sea; Grimsby; Germany; Skager-Rak; Belgian 
coast; Rennes; Roscoff; Plymouth; Scillies; Guernsey; Irish Sea ; 
off S.W. Ireland; Mediterranean; Genoa; Aberdeen; N.W. Scotland ; 
Newport, Rhode Island, U.S.A. (1). 
Kuhnia minor (gills) ; Plymouth ; Scillies ; N.W. Scotland; off S.W. Ireland (1). 
Kuhnia macracantha (gills) ; Galapagos Islands (? sp. “‘ a mackerel ’’). 
Grubea cochlear (gills); Genoa; Portoferrajo, Italy (1). 
Pricea microcotylae (gills) ; Bombay, India (2). 
Scomberomorus Lac;.: et vide Cybiuim Cavs... Psnds o.\vas,< bia wie oan ee Ene ne (ScOMBRIDAE) 
Scomberomorus maculatus (Mitchill). 
Pseudaxine mexicana (gills) ; Tangola-Tangola, Mexico. 
Thoracocotyle crocea (gills) ; N.Y. Aquarium. 
Thoracocotyle paradoxica (gills) ; Tangola-Tangola, Mexico. 


sScombrops cheilodipteroides Bleeker [=S. boops (Houttwyn)]............... ... .. (CHEILODIPTERIDAB) 
Microcotyle elegans (gills) ; Misaki, Japan. . ; 
Scophthalmus maximus (L.) [=Rhombus maximus auctt.] .... 6... c eee eee eee ees (BorurpaB) 


Calicotyle kroyeri (skin) ; N. France. 
Megalocotyle rhombi (gills) ; Brest. 


Scorpis aequipinnis Richy 2 ..« 5» sis s/s sie’. was oidien sey eae be 0b be iene ae 
Microcotyle scorpis (gills) ; Safety Bay, W. Australia. 
Scyliorhinus canicula (L.) (1); 8. catulus (Cav.) (2)... . ss. 6s duns ot 


Leptobothrium minor (skin of head, rarely gills); Irish Sea (1); Plymouth (1) ; 
Roscoff (1) ; Mediterranean (1). : 


A SYNOPSIS OF THE MONOGENETIC TREMATODES. 539 


Hexabothrium appendiculatum (gills) ; N. France (2) (? 1). : 
Hexabothrium canicula (gills); Roscoff (1); Plymouth (1); ?% Cullercoats, 
Northumberland (1) ; Naples (1) ; Trieste (1). 


Scymnorhinus licha (aonneterre) (1); YS guicsae le yacg 2. ne ede werscaiedie ba sides. (SquaLipaz)» 
zy. ‘Squalonchocotyle borealis (gills) ; Belgian coast (2). ' 
) Squalonchocotyle licha (gills) ; Porcupine Bank, W. Ireland (1). 
a teresa oa wise oe ee Oe OUD Ce ek view Hobs cas Pade Salons eke ety 


Microcotyle caudata (gills) ; Mitsugahama, yo, Japan (spp.). 
Microcotyle sebastis (gills) ; Hakodate, Japan (spp.). 
eR a a yc VA (SCORPAENIDAB)) 


Sebastodes inermis Cuv. & Val. (1); S. schlegelii (Hilgendorf) (2); S. maliger 
(Jord. & Gilbert) (3); S. melanops Girard (4); S. cawrinus (Richardson) (5) ; 
S. nebulosus (Ayres) (6). 
Benedenia derzhavini (gills) ; Vladivostok (2). 
Benedenia sebastodis (gills) ; Ise Bay, Japan (1). 
Entobdella squamula (skin of venter, rarely gills) ; Pacific coast of N. America, 
California to Alaska (sp.). 
Megalocotyle marginata (gills) ; Puget Sound (6). 
Microcotyle caudata (gills) ; Tarumi, Japan (1). 
Microcotyle sebastis (gills) ; Matu Bay, Japan (2) ; Puget Sound (3) (4) (5). 
Pmncconsypnus rencwatues (Ouv. & Val.). 0.65 6 een cee selec cc ceeebeveccsceees (LABRIDAE) 
Cyclobothrium semicossyphi (gills) ; Inland Sea, Japan. 
Cyclobothrium sessile (gills) ; Tarumi, near Kobe, Japan. 


nermmnrrotrunouiepis (Mitchill)....%.00 2 leak ce cee ve mens tdaleccsccsccesesees (CYPRINIDAE) 
- Dactylogyrus atromaculatus (gills) ; Illinois. 
Dactylogyrus macrophallus (gills) ; N.Y. State. 
Dactylogyrus tenax (gills) ; N.Y. State. 
Cleidodiscus brachus (gills) ; N.Y. State. 
ES OT glass we Sale Oa dS eats a's Lede ei es aS Go bcns vod ale Me (CARANGIDAE) 
Seriola aureovittata Temm. & Schleg. [=S. quinqueradiata Temm. & Schleg.] (1) ; 
S. carolinensis Holbrook (2) ; S. dumerilii (Risso) (3) ; 8. dorsalis (Gill) (4). 
Benedenia seriolae (skin) ; Inland Sea, Japan (1). 
Vallisia striata (gills) ; Pisa (3). 
Microcotyle seriolae (gills) ; Tarumi, Japan (1). 
Microcotyle inada (gills) ; Japan (1). 
Axine inada (gills) ; Japan (1). 
Heteraxine heterocerca (gills) ; Hiroshima (1); Mitsugahama (1); Misaki (1) ; 
Tarumi, Japan (1). 
Heteraxine meservei (gills) ; Hood Island, Galapagos Islands (4). 
Heteraxine seriolae (gills) ; Japan (1). 
Hexostoma grossum (gills) ; Japan (1). 
. Serranus Cuv.: vide Epinephelus Bloch. 


Meaania fuacescens (Houttuyn)..... 2.262. ..esceerennescseeedessceveasececseeseenns (SIGANIDAE) 
, Tetrancistrum sigani (gills) ; Tarumi, Hyogo, Japan. 
_ Microcotyle sigani (gills) ; Japan. 
- Microcotyle mouwoi (gills) ; Japan. 
meats toba (gills) ; Japan. 


cotyle sillaginae (gills) ; ; Port Philip Bay, Victoria, Australia. 
ET Fo ona eemont wey dad he eae vie Pat ed obs Cate Ves oes (SILURIDAE) 
ylogyrus siluri (gills) ; Europe. 


4a 2. 
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Smaris vulgaris Cuv. & Val. (1); S.alcedo Risso (2)......... 0.0. ce ens cevsasessvsscuses (MAENIDAE) 
Microcotyle alcedinis (gills) ; Genoa (2). 
Choricotyle smaris (on Cymothoa sp., in mouth) ; Naples (1). 

Solea solea (L.) (1) ; 8. lascaris Risso (2). 0.0... 0.000 ee eh hee ieee ee (SOLEIDAE) 
Entobdella soleae (skin, usually underside); Belgium (1); Roscoff (1) (2) ; 

Plymouth (1); W. Ireland (1). 

Sommdsus ‘boreales. (Scoresby) a a vsiv's ales oo a vivie cha c) vboe al vleneherpretaneteiel shmbaeete Eee state trea (SquaLmpaAB) 

Squalonchocotyle borealis (gills) ; Liege ; Wimereux ; Greenland. 

Squalonchocotyle somniosi (gills) ; Puget Sound ; Alaska. 
Sparus Loe et vide Pagellus Cuv.& Val. on... os. vs vod dens cine ele aneiioe ie sia ae (SPARIDAB) 
Sparus longispinis (Temm. & Schleg.) (1) ; S. macrocephalus Lac. (?) (2) ; S. australis 

Giinther (3); S.aurata L. (4); S.rondeletii (Cuv.& Val.) (5); S. berda Forsk. (6). 

Murraytrema robustum (gills) ; Werribee River, Victoria, Australia (3). 

Diplectanum echeneis (gills) ; Mediterranean (4) (5). 

Lamellodiscus major (gills) ; Werribee River, Victoria, Australia (3). 

Lamellodiscus typicus (gills) ; Moreton Bay, Australia (3). 

Anoplodiscus australis (fins) ; Sydney Harbour, Australia (3). 

Encotyllabe spari (gills) ; Inland Sea, Japan (2). 

Encotyllabe vallei (gills) ; Trieste (4). 

Microcotyle chrysophryi (gills) ; Mediterranean (4) ; Genoa (4); Trieste (4). 

Microcotyle australis (gills) ; Werribee River, Victoria (3). 

Microcotyle spari (gills) ; Tarumi, Inland Sea, Japan (1). 

Pseudaxine indicana (gills) ; Bombay, India (6). 

Choricotyle chrysophryi (gills) ; Belgian Coast (4). 
Sphaeroides Lac. : et vide Cheilichthys Miiller......... 2.0... ee ccccceescccccees (TETRAODONTIDAE) 
Sphaeroides maculatus (Bloch Schneider). ; 

Benedenia melleni (eyes, skin) ; N.Y. Aquarium (from S. Carolina). 
Sphgrna Rat, > et.vide Rensceps Gill... 0... osc cw ees since ie anil eens oem (CARCHARINIDAE) 
Sphyrna zygaena (L.). 

Loimosina wilsoni (gills) ; Montago Bay, Jamaica. 

Cathariotrema selachii (nasal fossae) ; Woods Hole, Mass., U.S.A. 

Udonella caligorum (on body of Alebion carchariae Kroyer); off Cape St. Vincent, 

Indian Ocean. 

Tristoma coccineum (gills) ; Woods Hole, Mass., U.S.A. 

Squalonchocotyle mavori (gills) ; N. American Atlantic. 

Squalonchocotyle microstoma (gills) ; Beaufort, N. Carolina. 

Squalonchocotyle sphyrnae (gills) ; Atlantic coast of N. America ; Woods Hole, 

Mass., U.S.A. 

PINAR SPINachn (ETF 6 os se 5-5 5%: 5 (Shwe Wr ww etek oa Un EAP (GASTEROSTEIDAE) ; 
Gyrodactylus elegans (gills, fins) ; Plymouth. 

Spinax Cuv.: vide Etmopterus Raf. 

Spondyliosoma cantharus (Gmel.) [=Cantharus lineatus (Montagu)] (1) ; 

S. griseus (Lowe) (2); S. brama (Bloch) (3)...............e00. iat s7ed » OM (SPARIDAE) 
Trochopus differens (gills) ; Mediterranean (1). Mga 
Trochopus tubiporus (gills) ; Mediterranean (1). 
Microcotyle canthari (gills) ; Brest (2); Genoa (1); Trieste (3). 

Squalius cephalus (L.) [=Leuciscus dobula Kessler] 
Neodactylogyrus fraternus (gills) ; U.S.S.R. 
Neodactylogyrus parvus (gills); U.S.S.R. 
Dactylogyrus tuba (gills) ; Europe ; Germany. 
Neodactylogyrus difformis (gills) ; E. Prussia (? sp.). 
Ancyrocephalus forceps (gills) ; Europe. 
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_ Squalus acanthias LL. [=Acanthias vulgaris Risso] (1) ; S. suckleyi (Girard) (2).......... (SQUALIDAE) 
ae Microbothrium apiculatum (skin); Skager-Rak (1); Orkneys, Scotland (1); 
Roscoff (1) ; Canada (1) ; Woods Hole, Mass., U.S.A. 
Heterobothrium minimum (gills) ; Woods Hole, Mass., U.S.A. (1). 
(2) Capsala squali ; New Zealand (? sp.). 
Squalonchocotyle abbreviata (gills); Roscoff (1); Skager-Rak (1); Vladivostok (1). 
Squalonchocotyle squali (gills) ; N. America (1). 
Squalonchocotyle sp. (gills) ; Northumberland (1) ; Clyde (1). 
Squalonchocotyle striata (gills) ; Friday Harbour, Washington (2). 
> Squatina squatina (L.) (1); S. ? sp. [=“‘ Katasasli-zane ’’] (2)..........0..0. cece eee (SQUATINIDAE) 
Calicotyle mitsukurii (skin) ; Mitsugahama, Japan (2). , 
j Megalocotyle [? Trochopus] squatinae (gills) ; Singapore (1). 
; = _ Pseudocotyle squatinae (skin); Ostend (1); Plymouth (1); Roscoff (1) ; 
at Cardigan Bay, N. Wales (1) ; W. Ireland (1) ; Mediterranean (1). 


EER HOC ER FF te Ay a SOA read MO MRED DOO ae Wales oso 0 vln e vee oee neces (SPARIDAE) 

Microcotyle stenotomi (gills); Newport, Rhode Island, U.S.A.; Woods Hole, Mass., 
U.S.A. 

SCENE LE 0 eS, SaaS Ne ty TE Po (MoNACANTHIDAE) 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 

SEL OreLaNeroiire (NAECCHIIL) . . 22) FLOUR Diol ac ed a Stet e Se ee a cals cc ale we wldleie’es (PERCIDAE) 
Urocleidus aculeatus (gills) ; Oneida Lake, New York. | 

Eeeamarcotides argentatus (Ruphrasen)..... 2.5.06 2k keene cette ccs caccscs (STROMATEIDAE) 
Microcotyle reticulata (gills) ; Mitsugahama, Japan. 

Strongylura marina (Walb.) [=Tylosurus marinus]... 2.0.0... cece cece eee cece cseees (BELONIDAE) 


Ancyrocephalus parvus (gills) ; Woods Hole, Mass., U.S.A. 
Ancyrocephalus tylosuri (gills) ; N.Y. Aquarium. 
Axinoides (?) gracilis (gills) ; Woods Hole, Mass., U.S.A. 


Ee POTATO faa), arate ch in'abaia Nhl» Uma § Waheye wisi adhe Git a aide xs sis 0 5 0x0 (PLOTOSIDAE) 
Anchylodiscus tandani (gills) ; S. Queensland ; Victoria, Australia. 
pf autoga onttis (L.)............200%. Aides Weleiat <'n) Zid ot ols TM TTB Sass Si die 4 sic a os (LaBRIDAB) 


Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Microcotyle hiatulae (gills) ; Rhode Island, Atlantic Coast, U.S.A. 
Microcotyle furcata (gills) ; Woods Hole, Mass., U.S.A. 


PLES (UOTET) 5.06 50s sce ois dep Settee ¢ aeeel cignledg alls sabystloale sie rs (TORPEDINIDAE) 
Amphibdella flavolineata (gills); Woods Hole, Mass., U.S.A.; Menemsha Bight, U.S.A. 
Amphibdella torpedinis (gills) ; Woods Hole, Mass., U.S.A. 
Amphibdelloides maccallumi (gills) ; Woods Hole, Mass., U.S.A. 
NEEM os. wo a ow odie oS cine vidpasidanes FIC Ae RE OA aS So (IstroPpHORIDAE) 
hic Tetrapturus imperator Cuv. & Val. (1); 7. brevirostris (Playf.) (2); 7. albidus 
Poey (3); 7’. belone Raf. (4). 
Capsala laevis (gills) ; Block Island, Mass., U.S.A. (1) (2) (8). 
# Capsaloides cornutus (gills) ; Block Island, Mass., U.S.A. (3). 
Capsaloides magnaspinosus (nares) ; Woods Hole, Mass., U.S.A. (1). 
_ Capsaloides perugiai (gills) ; Mediterranean (4). 
- (2) Tristoma papillosum ; Messina (4). 
Petraodon Linn, [=Tetrodon auct.]...........ee eee eee ence Pa ra a (TETRAODONTIDAE) 
lon luna [?=T. lwnaris Bl. Sch.] (1) ; “‘ Kogome-fugu ” or ‘‘ Koyso-fugu ” (2). 
a cephala (skin) ; Europe (1). 
erobothrium tetrodonis (gills) ; Hagi, Japan (2). 
.: vide Acanthurus Forskal. 
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Therapon oxyrhynchus Temm. & Schleg. (1); 7. carbo Ogilby & McCulloch (2) ; 
T. hilli Castelnau (3); 7’. fuliginosus Macleay (4); T'. wnicolor Giinther (5) ; 
T. bidyana (Mitchill) (6). 
Protogyrodactylus quadratus (gills); Thompson River, Longreach, Central 
Queensland (2) (3). 
Trivitellina subrotunda (gills); Thompson River, Longreach, Central Queens- 
land (4). 
Daitreosoma bancrofti (gills) ; Central Queensland (3). 
Daitreosoma constrictum (gills) ; Central Queensland (2). 
Empleurosoma pyriforme (gills) ; Central Queensland (5). 
Lepidotrema angustum (gills) ; S. Queensland (5). 
Lepidotrema bidyana (gills) ; River Murray, Victoria (6). 
Lepidotrema fuliginosum (gills) ; Central Queensland (4). 
Lepidotrema simplex (gills) ; Central Queensland (4). 
Lepidotrema tenue (gills) ; Central Queensland (3). 
Lepidotrema therapon (gills) ; Central Queensland (2). 
Squamodiscus longipenis (gills) ; Inland Sea, Japan (1). 
Thunnus South: et vide Germo Jordan; Katswwonus Kishinouye ; Sarda Cuv. ; 
Euthynnus Liitken ; Cybiwm Cuv.; Parathunnus Kishinouye................- (SCOMBRIDAE)» 


Thunnus thynnus (L.) (1); 7’. orientalis (Schleg.) (2); 7’. albacora Lowe (3); 7’. brachy- 
ptera C. V. (4); T. thunninaC.V. (5); T. sibi Temm. & Schleg. (6). 
Capsala biparasitica (on Parapetalus sp., on gills); Misaki, Japan (3). 
Capsala interrupta (gills) ; Mediterranean (1). 
Capsala magronum (gills) ; Japan (2). 
Capsala nozowae (fin) ; Hokkaido, Japan (6); (?) N. Sea (1). 
Capsala onchidiocotyle (gills) ; Elba (1). 
Capsala thynni (gills) ; Atlantic, W. France (3). 
Tristoma levinsenii (gills) ; Mediterranean (sp.). 
Kuhnia (?) thunni (gills) ; Japan (2). 
Hexostoma acutum (gills) ; Hagi, Osatsube, Japan (6). 
Hexostoma dissimile (gills) ; Numadu, Siduoka, Japan (1). 
Hexostoma extensicaudum (gills) ; N. Sea (1). 
Hexostoma grossum (gills) ; Japan (2) (4). 
Hexostoma thunninae (gills) ; Genoa (5). 
Hexostoma thynni (gills) ; Balearic Isles ; Elba (1). 


TT TAPIA IG tien tie a, hanno hem 0 bee ces & a. 30> ae Sl mor edhs es 4.7 ha gn ee (SALMONIDAE)» 
Thymallus thymallus (L.) (1); T'. arcticus baikalensis Dybowski (2). 

(?) Dactylodiscus borealis (gills) ; Scandinavian Lakes (1). 

Aviella baikalensis (gills) ; Lake Baikal (2). 

Discocotyle sagittata (gills) ; Germany (1). 


Thyrsites atun (Euphrasen) [S Barracouta,” or’ Snoelk.’’].< cars nae ae ee (GEmMPYLIDAE): 
Winkenthughesia thyrsites (gills) ; San Remo, Victoria, Australia. ‘ 

Thysanophrys japonicus (Tilesius).. 2.2... ....kseesce usecase sscawee 4m vin'nin to (PLATYCEPHALIDAE)» 
Ancyrocephalus thysanophrydis (gills) ; Tarumi, Hyogo, Japan. ; 

Tonca tinea (L.). 6 sas side ah tien ole en o's ove viel win'n 6 aia, sto. ap\lnl ey a (CYPRINIDAE)» 


Gyrodactylus elegans (gills) ; near Leningrad ; Europe. 
Gyrodactylus medius (gills) ; Kostroma, U.S.S.R. 
Gyrodactylus sp. of Lithe, 1909 (gills) ; Wiirzburg. 
Dactylogyrus anchoratus (gills) ; Ropscha, U.S.S.R. 
Dactylogyrus fallax (gills); Kostroma, U.S.S.R. 
Neodactylogyrus macracanthus (gills) ; E. Prussia; Germany ; Sweden. 
Neodactylogyrus mollis (gills) ; Kostroma, U.S.8.R. 


i 
al 


» g 
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ey “Torpedo marmorata Risso (1); 7’. narke Risso [=T7’. ocellata Raf.] (2) ; T. nobiliana 
< NCR IE Sica ui cis os 8's Say ee ecb aensitee as sie enh Oa Gok One er (TORPEDINIDAE) 
Amphibdella flavolineata (gills) ; Irish Sea (3). 
Amphibdella torpedinis (heart, gills) ; Naples (1) (2) ; Mediterranean (1) (2). 
Amphibdelloides maccallumi (gills) ; Mediterranean (1) (2); Irish Sea (3). _ 
Squalonchocotyle torpedinis (gills) ; Atlantic Coast, Morocco (1) ; Arcachon (1). 


_ Prachinotus carolinus (L.) (1) ; T. glawews (L.) (2)... 0... cece cece cece cee ce eeeeees (CARANGIDAB) 
_ Benedenia melleni (eyes, skin) ; N.Y. Aquarium (1) (2). 

Bicotylophora trachinoti (gills) ; N.Y. Aquarium (1). 

Pyragraphorus pyragraphorus (gills) ; Atlantic Coast, N. America (1). 


Semeentmeearaco D. (1); 7". radiatus Cav. (2) 0... .. 2c cece cnoceecccccceccceccttece (TRACHINIDAE) 
_Microcotyle draconis (gills) ; France (1) ; Aberdeen (1); Plymouth (1). 
Microcotyle trachini (gills) ; Genoa (2). 


Trachurus Raf.: et vide Caranx Lac., Paratractus Gilland Xurel Jord. & Evermann ...(CARANGIDAE) 


Trachurus trachurus (L.). 
Pseudaxine trachuri (gills) ; Mediterranean ; Plymouth ; Tarumi, Japan. 
Gastrocotyle trachuri (gills); Atlantic; Genoa; Plymouth; Sizuoka, Japan. 
Choricotyle charcoti (on Meinertia oestroides Risso, in mouth) ; off Gijon, Oviedo, 
Port Musel. 


“a rracanthus brevvrosiris Temm. & Schleg.... 06.6... 6. sc eccticceccccccvevcccccecs (TRIACANTHIDAE) 
Ancyrocephaloides triacanthi (gills) ; Lake Hamazima, Japan. 


wimmonvueus japonscus (Temm. & Schleg.) 2. 2... cee ca ce be nett nsaneccee’s (TRICHIURIDAE) 
Octoplectanocotyle trichiuri (gills) ; Inland Sea, Japan. 


ere ee aes ad cclsie ama dulveencios's hf ACE Oe RR rapier (TRIGLIDAE) 


Trigla lucerna L. [=hiruwndo Day, =T. corax Bonap.] (1); TT. cuculus L. [=T. pini 
Bloch] (2); 7. gurnardus L. (3); T. lineata Gmel. (4); 7’. lyra L. (5). 
Udonella (2) triglae (on Caligus sp., on body) ; Atlantic coast, France (3). 
(?) Echinella hirudinis (on Caligus sp., on body) ; Belgian coast (1). 
Trochopus diplacanthus (gills) ; Irish Sea (1). 
‘Trochopus gaillimhe (gills) ; W. Ireland (3). 
Trochopus heterachanthus (gills) ; Naples (1). 
Trochopus lineatus (gills) ; Firth of Clyde ; Aberdeen (4). 
Trochopus micrachanthus (gills) ; Genoa (1). 
Trochopus pini (gills) ; Naples (1) (2) ; Belgium (2). 
_ Trochopus tubiporus (gills) ; Mediterranean (1) (2); Belgian coast (1); Irish Sea (1). 
, Plectanocotyle gurnardi (gills) ; Belgium (3); Ireland (1) (3); Irish Sea (1) (3) ; 
a _. Liverpool (3) ; Northumberland (3) ; Aberdeen (3) ; Plymouth (1) (2) (3) (4). 


__ Axine triglae (gills) ; Brest (1). 
| Trigonorrhina fasciata Miiller & Henle............ 06.0 c cece cece eee eee ee see ees (RHINOBATIDAR) 


 Calicotyle australis (skin) ; Glenly, S. Australia. 
4 » 
e Trygon Cuv. : vide Dasyatis Raf. and Pastinachus Riippel. 
Tylosurus schismatorhynchus (Bleeker) [= Belone s., q.v.] (1); 7’. fodtator Jord, & Gilb. (2). 
‘[T. marinus (Walb.) =Strongylura m., G.V.] ... 0c eee eee cence eee e eee eee ees (BELONIDAB) 
_ Axine constricta (gills) ; Lake Hamazima, Japan (1). 
noides aberrans (gills) ; Tarumi, Japan (1) ; Galapagos Islands (2). 
ides tylosuri (gills) ; K6ti, Japan (1). — 
WUITEIANG),. 2.5. cece eee s eee seo esesneecrctsecececevece a eee (UMBRIDAE) 
tylus cylindriformis (skin, fins) ; Oneida Lake, N.Y. State. 
Wv.: vide Sciaena L. ; 
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Upeneoides benasi (Temm. & Schleg.) (1); U. signatus (Giinther) [—Upeneus 
signatus Giinther) (2)2.5 eon kes ce oes Soe sto ae Bee eee vie eee ene (MuLLIDAr) 
Haliotrema australis (gills) ; Moreton Bay, S.E. Queensland (2). 
Haliotrema spirophallus (gills) ; Nagasaki, Japan (1). 


Urolophus testaceus Miller.& Henle. -.. 0. 2 0...0.5.550.. 2a es ate so aie ements it eral Sree (DASYATIDAE): 
Heterocotyle robusta (gills) ; Sydney, Australia. 
Urophycis blennoides (Briinnich) (1); U. chuss (Walb.) (2)........0e cece ec eeneerccenees (GaDIDAE) 


Diclidophora phycidis (gills); Mediterranean (1); Genoa (1); 8. Devon (1) ; 
Trish Atlantic Slope (1). 

Diclidophora maccallumi (gills) ; Woods Hole, Mass., U.S.A. (2); Maine Coast, 
U.S.A. ; Canada (2). 

Vimba vimba (L.) [=Abramis v.] (1); V. vimba persa (Pallas) (2) ........... eee eeee (CYPRINIDAE): 

Gyrodactylus elegans (gills) ; Europe (1). 

Dactylogyrus sphyrna (gills) ; Central Europe (1) ; E. Prussia (1). 

Neodactylogyrus chranilowi (gills) ; Volga Delta (1). 

Neodactylogyrus cornu (gills) ; Central Europe (1); Germany (1); Newabucht 
(=Neva Gulf), U.S.S.R. (1). 

Neodactylogyrus haplogonus (gills) ; Caspian, U.S.S.R. (2). 

Diplozoon paradoxum (gills) ; Europe (1) ; Newabucht, U.S.S.R. (1). 


Vomer selapinnia (Mitehill) 0.5 62 soc cise Sis ae view 0k WO ot, (CARANGIDAE): 
Benedenia melleni (eyes, skin) ; N.Y. Aquarium. 
Aenous meqalotss (RAL) ho ee i 4 lala bone e's oR Red so (CENTRARCHIDAE)- 


Actinocleidus articularis (gills) ; Illinois ; Tennessee. 
Actinocleidus oculatus (gills) ; U.S.A. 

Cleidodiscus bedardi (gills) ; Illinois ; Tennessee. 
Urocleidus distinctus (gills) ; Tlinois. 

Urocleidus acuminatus (gills) ; Ilinois. 


Kenisma catenatum (SACL) ics «=o 63s <.4is. © ohsytiek ae shayerscat Ss) Reape ieee eer oa (CYPRINODONTIDAE) 
Urocleidus fundulus (gills) ; Tennessee. 

Aesuras sco penim (Cny 8. Val.) 5 oi oo oiscy sinad «sm 8 + py map sees 6m Jace ale ae ae ee (ACANTHURIDAE) 
Haliotrema xesuri (gills) ; Hamazima, Mie, Japan. 


PET hee a i, en eee er AMER TSS AEN ric ym A en (XIPHIIDAE) 
Capsala laevis (gills) ; Woods Hole, Mass., U.S.A. . 
Tristoma coccineum (gills); Atlantic; Woods Hole, Mass., U.S.A.; Nova Scotia. 

Tristoma papillosum (gills) ; Nova Scotia ; Atlantic ; Mediterranean. 
Tristoma integrum (gills) ; N. American Atlantic ; Japan. 

Xurel marginatus (Gill) (1); X. malampygus (C.V.) (2)...... 20 ccceccc cee ceeeneeeees (CARANGIDAE) 
Protomicrocotyle pacifica (gills) ; Port Culebro, Costa Rica (1). 
Heteraxine elongata (gills) ; Secas Island, Panama; Pacific Coast, U.S.A. (2). 

Lomtces wivenarus) (Ta) lasses gig veh ve Wareich dale 33 2 ae ee ee oe (ZOARCIDAE) 
Gyrodactylus medius (gills) ; Baltic. k 

Zygaena Cuv.: vide Sphyrna Raf. 

Zygonectes: AGassiz sy .<.s ens gekis sis vs os lviabysiaiere o thom 'h, 6 fl ok ieee (CYPRINODONTIDAE) 

Zygonectes diaphanus diaphanus (LeSueur) (1); Z. diaphanus menona (Jordan & 

Copeland) (2); Z. notatus (Raf.) (3). 
Gyrodactylus stegurus (gills) ; N. America (1). 
Urocleidus angularis (gills) ; Oneida Lake, N.Y. State (2). 
Urocleidus umbraensis (gills) ; Illinois (3). 


CEPHALOPODA. 
Loligo media L. sae 
Tsancistrum loliginis. 
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CRUSTACEA : ISOPODA. 
Cymothoa—sensu lato. 
Choricotyle elongata (on Pagrus tumifrons) ; Japan (sp.). 
Choricotyle smaris (on Smaris vulgaris) ; Naples (sp.). 
Meinertia oestroides (Risso) (1) ; M. oxyrhynchaena Koelbil (2). 
Choricotyle charcoti (on Box boops); Monaco (1); (on Trachurus trachurus) ; 
Oviedo, Port Musel (1). 
Choricotyle elongata (on Pagrosomus unicolor) ; Inland Sea, Japan (2). 
= Choricotyle smaris (? host fish) ; Naples (1). 
Es Bopyrus squillarum auct. 
(2) Mesocotyle squillarum [=? Choricotyle smaris] ; Trieste. 


COPEPODA : CALIGIDAE. 
Caligus curtus Miiller (1); C. rapaa Milne Edwards (2); C. minimus Otto (3) ; 
C. centrodonti Baird (4) ; C. labracis Scott (5). 

Udonella caligorum (on copepod free in plankton) ; N. Sea (sp.) (1); Atlantic, off 
W. Europe (sp.); Belgium (sp.); Plymouth (1) (2); (on Caligus spp. (?) from 
the body of various fishes—chiefly gadoids—vide supra) ; European Waters, 
U.S.A. and Canada; (on Labrax lupus); Mediterranean (3); (on Labrus 
bergylta) ; Plymouth (4) (5); Roscoff (4) (5). 

Trebius latifurcatus Wilson. 

Udonella caligorum (on Myliobatis californicus) ; California. 
Alebion carchariae Kroyer. 
- Udonella caligorum (on Carcharias milberti) ; Atlantic. 
Parapetalus sp.. 

Capsala biparasitica (on Thynnus albacora) ; Misaki, Japan. 


COPEPODA : LERNAEOPODIDAE. 


7 


Clavella uncinata Miller. 
Udonella caligorum (on Sciaena aquila) ; Belgian Coast (sp.) ; (on Gadus callarias) ; 
Denmark. 
BRANCHIURA. 
Argulus sp. 


Udonella caligorum (on Neomaenis griseus) ; Florida. 


AUTHORITIES CONSULTED ON THE NOMENCLATURE OF FISHES, 


Bere, L.S. 1932-1933. Les poissons des eaux douces de VURSS, et des pays limitrophes. Parts 1-2 
{in Russian], 1-899. 

_ JORDAN, D. S., Evermann, B. W. & CrarK, H. W. 1930. Check list of the fishes and fish-like 
vertebrates of North ‘and Middle America, North of the Northern Boundary of Venezuela and 
7 Colombia. Rep. U.S. Fish. Comm. (1928).—Part II. Washington, D.C. 

Jorpan, D. S., Tanaka, 8S. & SnypER, J. O. 1913. A catalogue of the fishes of Japan. J. Coll. 
Pa Sci. Tokyo, 33, 1-498. 
Kisurnovye, K. 1923. Contributions to the comparative study of the so-called scombroid 

fishes. J. Coll. Agric., Tokyo, 8, 293-475. 

MAN, J.R. 1935. (In List of British Vertebrates, British Museum (Nat. Hist.)), 40-66. 


CORRIGENDUM (to p. 309: include under Megalocotyle). 


cotyle hexacantha (Parona & Perugia, 1889) Price, 1939; Par. & Per., 1889, 740-1 fig. 1 (hooks only): 
tye re ean gig sh from Genoa Placunella hemacanthus also as P. exachanthus) ; Monticelli, 1892, 

fF (as Placunella exacantha) ; Massa, 1906, 45, 46, 47, 63, 69-60, 65, Pl. 2, figs. 16-17, Pl. 3, figs. 28, 
s h.) on Serranus gigas from Genoa; Price, 1939, 77: in the genus Megalocotyle. 
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[abbreviata forma’ A of Dollfus, 1937—as Squalonchocotyle: syn. of Squalonchocotyle galeorhint 
(Price, 1942), n. comb.], 364. : 

[abbreviata forma B of Dollfus, 1937—as Squalonchocotyle : syn. of Squalonchocotyle eugaler (Price, 
1942), n. comb.], 364. 

[abbreviata forma © of Dollfus, 1937—as Squalonchocotyle: syn. of Squalonchocotyle torpedinis 
(Price, 1942), n. comb.], 368. 

[abbreviata forma D of Dollfus, 1937—as Squalonchocotyle : syn. of Squalonchocotyle dollfusi (Price,. 
1942), n. comb.], 363. 

abbreviata (Olsson, 1876—as Onchocotyle) Cerf., 1899: Squalonchocotyle, Hexabothriinae, 
Hexabothriidae [non of Dollfus, 1937, formae A, B, C, and D], 361, 362, 363. 

aberrans (Goto, 1894—as Azine) Yamaguti, 1938: Aminoides, Microcotylinae, Microcotylidae, 455,. 
456, 457. 

[acanthi MacCallum, 1931—as Squalonchocotyle : syn. of Squalonchocotyle squali MacCallum, 1931], 367. 

[Acanthocotile of Par. & Per., 1890—for Acanthocotyle Montic., 1888], 331. 

Acanthocotyle Montic., 1888 : Acanthocotylidae, Acanthocotyloidea, 256, 277, 279, 309, 331-2, 335. . 

Acanthocotylidae Price, 1936 : Acanthocotyloidea, Monopisthocotylea, 192, 277, 330-1. 

[Acanthocotylinae Montic., 1903 : syn. of Acanthocotylidae Price, 1936], 191, 277, 330, 335. 

Acanthocotyloidea n. superfam. : Monopisthocotylea, Monogenea, 192, 330. 

acanthocybiit Meserve, 1938 : Gotocotyla, Microcotylinae, Microcotylidae, 448, 449. 

[Acanthodiscus MacCallum, 1916: syn. of Dionchus Goto, 1899 [nec of MacCallum, 1918, nec Uhlig,. 
1906—a gen. of Mollusca]], 284, 408. 

[Acanthodiscus of MacCallum, 1918: syn. of Protomicrocotyle Johnst. & Tiegs, 1922 [nec of 
MacCallum, 1916, nec Uhlig, 1906]], 284, 408. 

acanthogobiti Yamaguti, 1940: Microcotyle, Microcotylinae, Microcotylidae, 427, 433. 

acanthophallus (MacCallum & MacCallum, 1913—as Microcotyle), n. comb.:  Lithidiocotyle, 
Gastrocotylinae, Microcotylidae, 434, 468-9. ‘ : 

[Acanthonchocotyle Cerf., 1899 : syn. of Hexabothrium Nordm., 1832], 331, 355, 357. 

[Acanthiocotyle of Th. Scott, 1902 : for Acanthocotyle Montic., 1888], 331. 

acanthura (Par. & Per., 1896—as Microcotyle aka Ishii, 1936: emend.: Gotocotyla, Micro- 
cotylinae, Microcotylidae, 448-9. 

[Acantocotyle of Montic., 1888—for Acanthocotyle Mania 1888], 331. 

acer (Mueller, 1936—as Onchocleidus) ; (Mueller, 1937—as type of Pterocleidus) ; Mizelle & Hughes, 
1938 : Urocleidus, Tetraonchinae, Dactylogyridae, 244. 

[Acleotrema Johnst. & Tiegs, 1922: syn. of Diplectanum Dies., 1858], 249, 250, 252. 

Acleotrema Johnst. & Tiegs, 1922—retained as valid gen. by Yamaguti, 1934: Diplectaninae,. | 
Dactylogyridae, 252, 256. 

Acolpenteron Fischthal & Allison, 1940 : Calceostomatidae, Gyrodactyloidea, 257, 259. 

Actinocleidus Mueller, 1937 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 217, 223, 224, 227. 

aculeatum Par. & Per., 1889 : Diplectanum, Diplectaninae, Dactylogyridae, 251. 

{faculeatum Couch—as Tristoma : syn. of Capsala martinieri Bosc, 1811], 297. 

aculeatus (Van Cleave and Mueller, 1932—as Ancyrocephalus) Aone Roki (as type of) Urocleidus, 
Tetraonchinae, Dactylogyridae, 244. 

acuminatus (Mizelle, 1936—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 244. 

acus (Mueller, 1938—as Dactylogyrus) Price, 1938 : + Neodaeton ria, Dactylogyrinae, Dactylogyridae, 
208. 

acutum (Goto, 1894—as Hexacotyle acuta), emend., n. comb, : Hexostoma, Hexostomatidae, Ses 

adenea Meserve, 1938 : Benedenia, Benedeniinae, Capsalidae, 233, 318, 321. 

adspectus Mueller, 1936 : Urocleidus, Tetraonchinae, Dactylogyridae, 245. ; 

[aegans of Vlassenko, 1928 (misspelling of aequans) : Diplectanum, Diplectaninae, Dactyogyrd Ae 

aequans (Wagener, 1857—as Dactylogyrus) Dies., 1858: (type of) ipTe ae i Diplecte 
Dactylogyridae, 250, 251. 4 ay 
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affine (Linton, 1898—as Octoplectanum) Price, 1936 : Heterobothrium, Choricotylinae, Diclidophoridae, 
486-7, 498-9. 

[affints (Linton, 1898—as Octoplectanum) Linton, 1901—as Diclidophora : syn. of Heterobothrium affine 

‘ (Linton, 1898) Price, 1936], 497-9. 

affinis Th. Scott, 1911 : Calicotyle, Calicotylinae, Monocotylidae, 291, 293. 

afinis (Bychowsky, 1933—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 208, 209, 211. 

affinis (Mueller, 1937—as Haplocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 245. 

africanum Szidat, 1932 : Polystoma, Polystomatinae, Polystomatidae, 341. 

agassizi Goto, 1899 : Dionchus, Dionchinae, Monocotylidae, 284-5. 

[agassizizt of Montic., 1905—as Dionchus : for Dionchus agassizi Goto, 1899], 285. 

aigor Ishii & Sawada, 1938 (as Microcotyla a.), emend.: Microcotyle, Microcotylinae, Microcotylidae, 
427. 

alaskensis Price, 1937 : Tetraonchus, Tetraonchinae, Dactylogyridae, 216, 217. 

-dlatus Chauhan, 1945: Ancyrocephalus, Tetraonchinae, Dactylogyridae, 507. 

alatus Mueller, 1938 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 231. 

alatus (Linstow, 1878—as Dactylogyrus) Price, 1938 : Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 
208. 

alba Cerf., 1899 : Rajonchocotyle, Hexabothriinae, Hexabothriidae, 370-1. 

[albicollis MacCallum, 1918—as Polystoma : syn. of Polystomoides coronatus (Leidy, 1888) Price, 1936], 
350. 

alcedinis Par. & Per., 1890 : Microcotyle, Microcotylinae, Microcotylidae, 427, 429. 

alluaudi (de Beauchamp, 1913—as Polystoma) Ozaki, 1935: Parapolystoma, Polystomatinae, 
Polystomatidae, 347. 

[alosae v. Ben. & Hesse, 1863—as Glossocotyle : (?) syn. of Mazocraés alosae Herm., 1782], 384. 

alosae Hermann, 1782: Mazocraés, Mazocraeidae, Diclidophoroidea, 383-4, 385, 386, 472, 486-7. 

amblops (Mueller, 1938—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 208. 

americanum Price, 1937 : Diplectanum, Diplectaninae, Dactylogyridae, 251. 

[americanus Price, 1943—as Anthocotyle (for A. merlucc.i americanus of MacCallum, 1916): syn. of 
Anth:cotyle merluccii v. Ben. & Hesse, 1863], 416, 417, 418. 

americanus Rodgers & Kuntz, 1940 (as americana), emend.: JDiplorchis, Polystomatinae, 
Polystomatidae, 343-4. 

Amphibdella Chatin, 1874 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 214, 215, 220, 222, 223. 

[Amphibdellidae Carus, 1885: syn. of Gyrodactylidae Cobbold, 1864, partim; Dactylogyridae 
Bychowsky, 1933, partim], 194, 201. 

Amphibdelloides Price, 1937 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 220, 222. 

amphibothrium Wagener, 1857 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 203-4. 

[Amphibothrium Frey & Leuckart, 1847: syn. of Udonella Johnston, 1835], 265. 

{anadenea Meserve, 1938—as Benedenia : syn. of Benedenia adenea Meserve, 1938], 318. 

Anchoradiscus Mizelle, 1941 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 223, 224. 

anchoradiscus Mizelle, 1941: (type of) Anchoradiscus, Tetraonchinae, Dactylogyridae, 228, 224. 

-anchoratus (Duj., 1845-as Gyrodactylus) Dies., 1850: Dactylogyrus, Dactylogyrinae, Dactylogyridae, 

: 203, 204. 

Anchylodiscus Johnst. & Tiegs, 1922 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 214, 215, 224. 

‘[Anchyodiscus of Chauhan, 1945 6: syn. of Anchylodiscus Johnst. & Tiegs.] 

or somata Yamaguti, 1937 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 225-6, 249. 

[Ancylodiscus of Yam., 1937: syn. of Anchylodiscus Johnst. & Tiegs, 1922], 224. 

cephaloides Yam., 1938: Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 226. 

ephalus Creplin 1839 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 194, 206, 214, 215, 


ko, 1928=Aviella n. gen.], 315, 316, 328, 337. 
we Montic., 1903 (as subfam. of Tristomidae): syn. of Benedeniinae Johnst., 1931, 
2 314, 315, 316, 328. 
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angelichthys MacCallum, 1913: Microcotyle, Microcotylinae, Microcotylidae, 428. 

angelichthys-townsendi MacCallum, 1916 : Microcotyle, Microcotylinae, Microcotylidae, 428. 

angularis Mueller, 1934 : Urocleidus, Tetraonchinae, Dactylogyridae, 245. 

angustum (Johnst. & Tiegs, 1922—as Empleurodiscus angustus) Price, 1937; emend.: Lepidotrema, 
Diplectaninae, Dactylogyridae, 253. 

[Anisocotylidae Tagliani, 1912 (nom. nud.): syn. of Microbothriidae Price 1936, parti, 
Acanthocotylidae Price, 1938 partim], 270, 277. 

[Anisocotylinae Montic., 1903—as subfam. of Monocotylidae (nom. nud.): syn. of Acanthocotylidae, 
Price, 1938], 260, 270, 277, 286. 

[Ankyrocotyle of Vlassenko, 1928 [non Ancyrocotyle Par. & Montic., 1903]: syn. of Aviella n. gen.], 328, 
336, 337-8. 

anomalum Mueller, 1938 : Anonchohaptor (type), Caleeostomatidae, Gyrodactyloidea, 260, 261. 

Anonchohaptor Mueller, 1938 : Calceostomatidae, Gyrodactyloidea, 257, 259-60, 277, 508. 

[Anoplodiscinae Tagliani, 1912: syn. Calceostomatidae Par. & Per., 1890, partim; Udonellidae ~ 
Tasch., 1879, partim], 257, 260. 

Anoplodiscus Sons., 1890 : Calceostomatidae, Gyrodactyloidea, 257, 263, 277, 284, 335. 

antarctica (Kent Hughes, 1928—as Macrophylia) Johnst., 1929: Macrophyllida, Trochopodinae, 
Capsalidae, 211. 

antarctica Kent Hughes, 1928 : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 363. 

Anthocotyle v. Ben. & Hesse, 1863, Anthocotylinae, Discocotylidae, Diclidophoroidea, 399, 415, 416, 
450, 501. 

Anthocotylinae Price, 1936, Diseocotylidae, Diclidophoroidea, 399, 415, 418, 419, 421, 423. 

apiculatum Olsson, 1869 : Microbothrium, Microbothriinae, Microbothriidae, 271-2. 

apogonis Yam., 1940: Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204. 

apos (Mueller, 1938—as Dactylogyrus) Price, 1938 : Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 
208. 

appendiculatum (Kuhn, 1829—as Polystoma) Nordm., 1832: Hexabothrium (type), Hexabothriinae, 
Hexabothriidae, 356, 357. ‘ 

[appendiculata (Kuhn) auctorum—as Onchocotyle : syn. Squalonchocotyle spp., Hexabothrium spp. and 
Rajonchocotyle spp.], 363, 368, 372. 
[appendiculata of Kroyer, in Dies., 1850—as Onchocotyle : syn. of Squalonchocotyle borealis (v. Ben., 
1853) Cerf., 1899], 361-2, 368. 

[appendiculata of Olss., 1867—as Onchocotyle : syn. of Rajonchocotyle batis Cerf., 1899], 370, 371. 

[appendiculata of Par. & Per., 1890—as Onchocotyle: syn. (partim) of (%) Squalonchocotyle torpedinis 
(Price, 1942), n. comb.], 368. 

[appendiculata of Sons., 1890—as Onchocotyle : syn. of Rajonchocotyle prenanti (St. Remy, 1890) Cerf... 
1899], 371, 374. 

tappendiculata of Stossich, 1890-91—as Onchocotyle: syn. of Hexabothrium canicula (Cerf., 1899) 
Price, 1942], 357-8. 

tappendiculata of Tasch., 1879 (and of Stossich, 1887, partim)—as Onchocotyle : syn. of Suan 
grisea Cerf., 1899], 365. 

archosargi MacCallum, 1913 : Microcotyle, Microcotylinae, Microcotylidae, 428. 

arcticus Bychowsky : T'etraonchus, Tetraonchinae, Dactylogyridae, 217. 

[arcuata Sons., 1890—as Octocotyle : syn. of Vallisia striata Per. & Par., 1890], 408. 

[-Aristocleidus Mueller, 1936: syn. of Urocletdus Mueller, 1934], 242, 247. 

[armata Goto, 1899—as var. of Tristoma laevae : syn. of Capsala laevis (Verrill, 1874) Johnst., 1929],. 
299. 

armatum Leuck., 1835 : Diclybothrium, Diclybothriinae, Hexabothriidae, 338, 375, 376, 377, 502. 

articularis (Mizelle, _1936—as Cleidodiscus) Mueller, 1937:  Actinocleidus, Tetraonchinae, 
Dactylogyridae, 217. : 

asoti Yam., 1937 : Ancylodiscoides, Tetraonchinae, Dactylogyridae, 225, 226. ~ 

[aspidonectis MacCallum, 1918—as Polystoma): syn. of Neopolystoma orbiculare (Stunkard, 19 € 
Price, 1939], 345. . es 

atherinae Bychowsky, 1933 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 197. 

atherinae Price, 1934: Ancyrocephalus, Tetraonchinae, Dactylogyridae, 228. 
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[atlantica (Guiart, 1938—-as var. of Tricotyla cutaneum Guiart) (=var. macrocotyla Guiart) : syn..of 
Capsala cutanea var. atlantica (Guiart, 1938), n. comb.], 298. 

atromaculatus Mizelle, 1938 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204. 

attenuatus Mizelle, 1914: Urocleidus, Tetraonchinae, Dactylogyridae, 244, 245. 

[auricularis Wedl., 1857—as Dactylogyrus : syn. of Dactylogyrus auriculatus (Nordm., 1832) Dies.. 
1850], 203. 

auriculatus (Nordm., 1832—as Gyrodactylus) Dies., 1850 (type): Dactylogyrus, Dactylogyrinae, 
Dactylogyridae, 202, 208, 205, 207, 214. 

[auriculatus of Duj., 1845—as Gyrodactylus (non of Nordm., 1832): syn. of Dactylogyrus dujardinianus 
(Dies , 1850) Dies., 1858], 237, 238. 

australe Johnst. & Tiegs, 1922 : Haliotrema, Tetraonchinae, Dactylogyridae, 237, 238. 

australiensis MacCallum, 1921 : Microcotyle, Microcotylinae, Microcotylidae, 428, 437. 

australis Johnston, 1930 : Anoplodiscus, Calceostomatidae, Gyrodactyloidea, 261, 262. 

australis Johnst., 1934 : Calicotyle, Calicotylinae, Monocotylidae, 291, 293. 

australis Murray, 1931 : Microcotyle, Microcotylinae, Microcotylidae, 428, 442. 

Aviella n. g. (n. n. pro Ankyrocotyle of Viassenko, 1928), Aviellidae, Avielloidea, 328, 336, 337. 

Aviellidae n. fam., Avielloidea, Polyopisthocotylea, Monogenea, 336. 

Avielloidea n. superfam., Polyopisthocotylea, Monogenea, 193, 336. 

Axine Abild., 1794 (s. s. Yam., 1938), Microcotylinae, Microcotylidae, Diclidophoroidea, 422, 423, 424,. 
426, 451, 452, 455, 457. 

[Axine Abild., 1794 (s. lat.) : syn. Awine Abild. s. str. Yam., 1938, partim ; Heteraxine Yam., 1938, 
partum ; Axinoides Yam., 1938, partim], 422, 451-2, 455, 457. 

Axininae Montic., 1903: syn. of Microcotylinae Montic., 1892, partim], 422, 451, 461, 464. 

Axinoides Yam., 1938 (as subgen. of Axine Abild.), status emend.: Microcotylinae, Microcotylidae, 
Diclidophoroidea, 424, 446, 451, 452, 455, 457. 

baikalensis (Vilassenko, 1928—as Ankyrocotyle baikalense), emend., n. comb.: Aviella, Aviellidae, 
Avielloidea, 387-8. 

bakeri Mizelle & Cronin, 1943: Actinocleidus, Tetraonchinae, Dactylogyridae, 217-8, 219. 

balistes (MacCallum, 1915—as Diplectanum) Johnston & Tiegs, 1922: Diplectanotrema (type), 
Tetraonchinae, Dactylogyridae, 235, 236. 

bancrofti Johnst. & Tiegs, 1922 : Daitreosoma, Tetraonchinae, Dactylogyridae, 235. 

banghami Mizelle & Donahue, 1944: Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204. 

banghami (Mueller, 1936—as type of Tetracleidus) Mizelle, 1939: Cleidodiscus, Tetraonchinac,. 
Dactylogyridae, 231. 

bartschi Price, 1934 : Ancyrocotyle, Benedeniinae, Capsalidae, 329, 330. 

bassensis Kent Hughes, 1928: Ancyrocephalus, Tetraonchinae, Dactylogyridae, 228. 

‘ bassensis Murray, 1931 : Microcotyle, Microcotylinae, Microcotylidae, 428-9, 437. 

batis Cerf., 1899 : Rajonchocotyle (type), Hexabothriinae, Hexabothriidae, 369, 370, 371, 372, 374. 

baumi Sprehn., 1929 : Microcotyle, Microcotylinae, Microcotylidae, 428-9, 

bedardi Mizelle, 1936: Cleidodiscus, Tetraonchinae, Dactylogyridae, 232. 

belengeri Chauhan, 1945 : Lamellodiscus, Diplectaninae, Dactylogyridae, 507. 

[belengiri of Chauhan, 1945—as Lamellodiscus : syn. of L. belengert Chauhan, 1945], 507. 

[bellones auctorum—as Azine Abild., and as Heteracanthus Dies. : syn. of Axine belones Abild., 1794}, 452. 

bellones Otto, 1823 : Cyclocotyla—incertae sedis—Diclidophoroidea, 500-1. 

belones Abild., 1794 : Axine, Microeotylinae, Microcotylidae, 452, 453, 454, 455. 

[belones Crepl., 1839—as Cyclocotyla (also Leuck., 1842): syn. of Cyclocotyla bellones Otto, 1823], 486, 
500. 

[benedeni. St. Remy, 1898—as Tetraonchus (for T. vanbenedenti Par. & Per., 1890); syn. of 

 Ancyrocephalus vanbenedenii (Par. & Per., 1890) Johnst. & Tiegs, 1922], 230. 

__ Benedenia Dies., 1858: Benedeniinae, Capsalidae, Capsaloidea [nec of Gray, 1864—a mammal; nec 

of Schneider, 1875—a protozoon], 316-7, 323, 324, 328. | 

‘[Benedenia of Johnst., 1929—as subgen. of Benedenia Dies., 1858: syn. of Benedenia Dies., sensu 


enedenia of Yam., 1937—subgen. of Hpibdella Blainville, 1827: syn. of Benedenia Dies., sensu 
Price, 1939, partim], 317. 
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[Benedeniella Johnst., 1929—as subgen. of Benedenia Dies, sensu Odhner, 1905: syn. of Benedenia 
Dies., sensu Price, 1939, partim], 316, 320. 

Benedeniinae Johnston, 1931, Capsalidae, Capsaloidea, 295, 313, 314, 315-6, 328. 

bermudae Raecke, 1945 : Echinopelma, Choricotylinae, Diclidophoridae, 495. 

bicornis (Malevitskaja, 1941—as Dactylogyrus), n. comb.: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 208. 

Bicotylophora Price, 1936 (for Dactylocotyle of MacCallum, 1921—non of v. Ben. & a 1863) : 
Anthocotylinae, Discocotylidae, Diclidophoroidea, 399, 415, 421. 

-bidyana Murray, 1931: Lepidotrema, Diplectaninae, Dactylogyridae, 253. 

bifidus Mizelle & Cronin, 1943: Actinocleidus, Tetraonchinae, Dactylogyridae, 218, 220. 

bifurcatus Mizelle, 1941 : Actinocleidus, Tetraonchinae, Dactylogyridae, 218, 219, 220. 

bifurcatus (Mizelle, 1937—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 208. 

Bilateracotyle Chauhan, 1945 [as Protomicrocotylinae] : Vallisiinae, Discocotylidae, 508-9. 

bint Kikuchi, 1929 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204. 

biparasitica (Goto, 1894--as Tristomum biparasiticum) Price, 1938 : Capsala, Capsalinae, Capsalidae, 
296, 297. 

biramosus (Mueller, 1937—as Pterocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 245. & 

[blanchardi Dies., 1850—as Tristoma (for Tristoma squali EK. Blanch., 1847): syn. of Capsala squali 
(E. Blanch., 1847) Price, 1938—sp. ing.], 302. 

blandae (?) n. sp. : Rajonchocotyle, Hexabothriinae, Hexabothriidae, 371, 372. 

[borealis Brinkmann, 1940—as Acanthocotyle : (?) syn. of Acanthocotyle verrilli Goto, 1899], 331, 332, 
333, 334, 335. 

borealis (%) (Olsson, 1893—as Dactylodiscus) Price, 1937: (%) Ancyrocephalus, Tetraonchinae, . 
Dactylogyridae, 229. ; 

borealis (%) Olsson, 1893: Dactylodiscus, Tetraonchinae, Dactylogyridae, 234. 

borealis (Nybelin, 1937—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 209, 210. 

[borealis of Stossich, 1885—as Onchocotyle : syn. of Rajonchocotyle prenanti (St. Remy, 1890) Cerf., 
1899], 374. 

borealis (v. Ben., 1853—as Onchocotyle) Cerf., 1899: Squalonchocotyle, Hexabothriinae, Hexa- 
bothriidae, 360, 361, 362, 366. 

bothi (MacCallum, 1913—as Acanthocotyle) Price, 1936 : Bothitrema, Bothitrematinae, Dactylogyridae, 
256, 257. 

Bothitrema Price, 1936 (for Acanthocotyle of MacCallum, 1913, partim): Bothitrematinae, 
Dactylogyridae, Gyrodactyloidea, 202, 256. 

Bothitrematinae Price, 1936 : Dactylogyridae, Gyrodactyloidea, 192, 202, 256. 

brachus Mueller, 1938 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 230, 232. 

bramae (Par. & Per., 1896—as Octobothrium), n. comb. : (?) Kuhnia, Mazocraeidae, 395. 

[branchialis Willem., 1906—as Acanthocotyle : syn. of Acanthocotyle monticellii Th. Scott, 1902], 333 
335. 

-branchiostegi Yam., 1937 : Microcotyle, Microcotylinae, Microcotylidae, 429. 

brauni Mola, 1912: T'rochopus, Trochopodinae, Capsalidae, 308. 

brevicirrus Mizelle & Jaskoski, 1942: Actinocleidus, Tetraonchinae, Dactylogyridae, 218. 

-bulbus (Mueller, 1938—as Dactylogyrus) Price, 1938 : Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 
209. 

[bullience of Ozaki, 1935—as Polystoma : misprint for Polystoma bulliense Johnst., 1912], 347. ; 

bulliense (Johnst., 1912—as Polystoma) Ozaki, 1935 : Parapolystoma, Polystomatinae, Polystomatidae, — 
347. 

bullosus Mizelle & Donahue, 1944 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204. 

bumpusii (Linton, 1900—as Epibdella) [Johnston, 1929—as Entobdella Wher! ty b.] Price, 1938 | i 
Entobdella, Benedeniinae, Capsalidae, 325. “ud 

{bumpusii of Canavan, 1934—as Epibdella : syn. of Entobdella hippoglossi (Miiller, 1776) epee 1818], 
325. i” tf - 
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bursatus (Mueller, 1936—as Ancyrocephalus) Mueller, 1937:  Actinocleidus, Tetraonchinae, 
Dactylogyridae, 218, 220. 

bychowskii Markewitch, 1934 : Ancyrocephalus, Tetraonchinae, Dactylogyridae, 229. 

bychowskyi Mizelle, 1937 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204. 

ry bychowskyi n. n. (pro Gyrodactylus medius of Wegener, 1909): Gyrodactylus, Gyrodactylinae, 
Gyrodactylidae, 195, 198. ' 

» Calceostoma v. Ben., 1858 : Calceostomatidae, Gyrodactyloidea, 257, 258, 263, 288, 508. 

calceostoma Riecenat. 1857—as Dactylogyrus) Dies., 1859 : Calceostoma (type sp.), Calceostomatidae, 
258. 

Calceostomatidae Par. & Per., 1890 ; emend. Poche, 1926: Gyrodactyloidea, Se moroty len, 193, 
239, 257, 263, 277, 278, 283, 287, 288, 508. 

[Calceostomidae Par. & Per., 1890: syn. of Calceostomatidae Poche, 1926—sensu Fischthal & Allison, 
1941], 257, 263, 269, 283, 287. 

[Calceostominae Johnst. & Tiegs, 1922: syn. of Calceostomatidae Poche, 1926, partum), 257, 287. 

Calicotyle Dies., 1850 : Calicotylinae, Monocotylidae, Capsaloidea, 278, 279, 288, 291-2, AOA: 

[Calicotyle ukigen! of Nybelin, 1941 : syn. of Calicotyle Dies., 1850], 291, 292-3. 

[Calicotylides subgen. of Nybelin, 1941: syn. of Calicotyle Dies., 1850], 291, 292, 293. 

Calicotylinae Montic., 1903 : Capsalidae, Capsaloidea, Monopisthocotylea, 279, 286, 288, 290-1, 292, 
293-4. 

[Calicotylus of Viassenko, 1928 : syn. of Calicotyle Dies., 1850], 291. 

[caligarum of v. Ben., 1858, and of Tasch., 18783—as Udonella: syn. of Udonella caligorum Johnst.,. 
1835], 265, 266. 

[caligt of Kroyer, 1837—as Phylline : syn. of Udonella caligorum Johnst., 1835], 265. 

caligorum Johnston, 1835 : Udonella, Udonellidae, Capsaloidea, 264, 265-6, 267, 268-9, 427. 

[Calinella Montic., 1910: syn. of Udonella Jobnston, 1835], 264, 265, 268. 

[Callicotyle of Dies, 1858 : misprint for Calicotyle Dies., 1850], 291. 

[Calliocotyle of Th. Scott, 1905 : misprint for Calicotyle Dies., 1850], 291. 

[Callocotyle of Th. Scott, 1905: misprint for Calicotyle Dies., 1850], 291. 

[Callycotyle of Montic., 1888 : misprint for Calicotyle Dies., 1850], 291. 

[Calsaloides of Price, 1936: misprint for Capsaloides Price, 1936], 302. 

[Calycotyle of Dies., 1850 : misprint for Calicotyle Dies., 1850], 291. 

[cancerillae Giard, 1889—as Podarcella : syn. of Udonella caligorum Johnst., 1835], 266. 

canicula (Cerf., 1899—as Acanthonchocotyle) Price, 1942: Hexabothriwm, Hexabothriinae, 
Hexabothriidae, 357, 358, 359-60. 

[caniculae Johnstone, 1911—as Paracotyle : syn. of Leptocotyle minor (Montic., 1888) Montic., 1904], 274. 

[caniculae of Baylis & Jones, 1933—as Microbothrium: syn. of Leptocotyle minor (Montic., 1888) 
Montic., 1904], 274. 

canis Cerf., 1899 : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 363. 

[canis of MacCallum, 1931—as Squalonchocotyle : syn. of Squalonchocotyle maccallumi (Price, 1942), 
n. comb.], 363, 365. 

canthari v. Ben. & Hesse, 1863 : Microcotyle, Microcotylinae, Microcotylidae, 429. 

capax Mizelle, 1936 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 232. 

Capsala Bosc, 1811—sensu emend. Price, 1938 : Capsalinae, Capsalidae, Capsaloidea, 294, 295-6, 298, 
299, 302, 324. 

[Capsala auctorum : partim syn. of Entobdella Blainv., 1818, T'rochopus Dies., 1850, Niteschia Baer, 
1826, and Capsaloides Price, 1936], 295-6, 303-4, 306, 307, 312, 323, 324. 

ippeala of Guiart, 1938: syn. of Capsala Bosc, 1811, sensu emend. Price, 1938; and of T'ristomum 

ay 1817, partim], 295, 296, 302, 305. 

salidae Baird, 1853 ; Capsaloidea, Monopisthocotylea, 264, 294-5, 312, 330. 

nae Johnston, 1929 : Capsalidae, Capsaloidea, 295, 311. 

idea Price, 1936 : Monopisthocotylea, Monogenea, 192, 193, 294, 330, 331. 

sloides Price, 1936 : Capsalinae, Capsalidae, Capsaloidea, 295, 302. 

‘is  Sandars, 1944: Gonoplasius, Microcotylinae, Microcotylidae, 446-7. 

(MacCallum, 1916—as Awine) Yam., 1938: status emend.; Heteraxine, Microcotylinae, 

0 e, 458, 459. 
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-carangis (MacCallum, 1913—as Microcotyle), n. comb.: Cemocotyle, Microcotylinae, Microcotylidae, 
448, 450, 451. 
[carbonarii Cerf., 1895—as Dactylocotyle: syn. of Diclidophora denticulata (Olsson, 1876) Price, 1943], 
478. 
carcharini MacCallum, 1926 : Dermophthirius, Microbothriinae, Microbothriidae, 272, 278. 
catenulata Guberlet, 1933 : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 359, 363, 368. 
Cathariotrema Johnst. & Tiegs, 1922: Merizocotylinae, Monocotylidae, Capsaloidea, 257, 286, 287-8. 
catostomi Fischthal & Allison, 1942: Acolpenteron, Calceostomatidae, 259, 260. 
caudata Goto, 1894 : Microcotyle, Microcotylinae, Microcotylidae, 427, 429, 438, 444. 
[caudata Lebour, 1908—as Plectanocotyle: syn. of Plectanocotyle gurnardi (v. Ben. & Hesse, 1863) 
Llewellyn, 1941], 413. 
caulolatili (Meserve, 1938—as Diclidophora), n. comb. : Choricotyle, Choricotylinae, Diclidophoridae, 
488-9, 495. 
Cemocotyle n. gen. : Microcotylinae, Microcotylidae, Diclidophoroidea, 424, 448, 450. 
centrodonti Brown, 1929: Microcotyle, Microcotylinae, Microcotylidae, 427, 429-30, 447. 
centrophorit Brinkmann, 1940: Microbothriwm, Microbothriinae, Microbothriidae, 271, 272, 275. 
centropristes MacCallum, 1915 : Microcotyle, Microcotylinae, Microcotylidae, 430. 
cepedianum Kimpel, 1938 : Mazocraés, Mazocraeidae (sp. ing.—non descr.), 386. 
cephala (Risso, 1826—as Tristoma) St. Remy, 1898 : Capsala [non 7. cephala of Nicoll, 1915=C. cutanea 
(Guiart, 1938), n. comb., emend.] (? syn. of Capsala martiniert Bosc, 1811), 297, 300. 
[cephala of Nicoll, 1915—as Gilman: syn. of Capsala cutanea (Guiart, 1938), n. comb., emend. ], 296, 
298. 
[cephalo of Kroyer, 1852-1853—as Tristoma: misprint for 7. cephala Risso: syn. of Capsala cephala 
(Risso) St. Remy, 1898], 297. 
cephalus Azim, 1939 : Microcotyle, Microcotylinae, Microcotylidae, 430. 
cepolae Yam., 1937 : Microcotyle, Microcotylinae, Microcotylidae, 427, 430, 444. 
[Cestrocolpa Meserve, 1938: syn. of Axine Abild., 1794, sensu stricto], 452, 453, 455. 
chaenobryttus Mizelle & Seamster, 1939 : Urocleidus, Tetraonchinae, Dactylogyridae, 244, 245, 246, 248. 
chalcalburni Dogiel & Bychowsky, 1934: Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204. 
charcoti (Dollfus, 1922—as Cyclobothrium) Llewellyn, 1941 : Choricotyle, Choricotylinae, Diclidophoridae 
[? gen., ? sp.], 486, 489, 493. | 
chautauquaensis (Mueller, 1938—as Tetracleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 245. 
chavarriai Price, 1938 : Cletdodiscus, Tetraonchinae, Dactylogyridae, 232. 
chelatus Mizelle & Jaskoski, 1942 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 231, 232. 
chelodinae (MacCallum, 1918—as Polystoma) Price, 1939: Neopolystoma, Polystomatinae, 
Polystomatidae, 345, 346. 
Chimaericola Brinkmann, 1942 : Chimaericolidae, Diclidophoroidea, 379, 380-1, 400, 444, 499. 
Chimaericolidae Brinkmann, 1942: Diclidophoroidea, Polyopisthocotylea, 377, 378, 379-80, 499, 501. 
chinensis (Yam., 1937—as Aaine) Yam., 1938: Heteraxine; status emend.: Microcotylinae, 
Microcotylidae, 457, 458-9. 
chirt Goto, 1894: Microcotyle, Microcotylinae, Microcotylidae, 430, 432, 433, 439, 459. 
chirocentrosus Chauhan, 1945: Bilateracotyle, Vallisiinae, Discocotylidae, 509. 
chondrostomi Malevitskaja, 1941 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204. 
[Choricotile of Par. & Per., 1889 : misprint for Choricotyle v. Ben. & Hesse, 1863], 487, 488, 497. 
Choricotyle v. Ben. & Haak 1863 : Choricotylinae, Diclidophoridae, Diclidophoroidea, 470, 471, 473, 
474, 481, 486-8, 495, 496, 497, 498, 500, 501. ' 
[Choricotylidae Llewellyn, 1941 : syn. of Choricotylinae n. subfam.], 381, 469, 470. 
Choricotylinae n. subfam. : Diclidophoridae, Diclidophoroidea, Polyopisthocotylea, 192, 378, 469, aie ; 
471, 474, 486, 493, 496, 498, 499, 501. 
chranilowi (Bychowsky, 1933—as Dactylogyrus) Price, 1938: Neodactylogyrus, 
Dactylogyridae, 209. , 
{chrysophrit of Cerf., 1898—as Choricotyle: syn. of Choricotyle chrysophryi v. Ben. & nny 
487, 488. y 
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chrysophryi v. Ben. & Hesse, 1863 : Choricotyle, Choricotylinae, Diclidophoridae, 487, 488. 
chrysophryi v. Ben. & Hesse, 1863 (as chrysophryii), emend. Braun, 1890 : Microcotyle, Microcotylinae, 
Microcotylidae, 429, 430-1. 
{circularis Linstow, 1904—as Erpocotyle : syn. of Diclybothrium armatum Leuckart, 1835], 376. 
clavata Bracey, in MS. : Rajonchocotyle, Hexabothriinae, Hexabothriidae [sp. ing.—non descr.], 371. 
Cleidodiscus Mueller, 1934: Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 217, 218, 219, 
220, 227, 230, 231, 233, 243, 245, 246, 247. 
cobitis Bychowsky, 1933 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 195. 
[coccinea of Schweigger, 1820—as Phylline : syn. of Capsala martinieri Bosc, 1811], 297. 
coccineum Cuv., 1817: T'ristoma, Capsalinae, Capsalidae [nec of Rud., 1819; nec of Linton, 1898, nec 
auct.], 296, 303, 304, 305. 
[coccineum of Rud., 1819—as Tristoma : syn. of Capsala martiniert Bosc, 1811], 297, 300. 
{coccineum of Linton, 1898, 1900, 1901, 1911—as T'ristoma : syn. of Tristoma papillosum Dies., 1836], 
305. 
[cocctneum auctorum of Price, 1936, 1938, 1939—as Tristoma: syn. of Tristoma integrum Dies., 1850 
af (sensu Price, 1939)], 297, 305. 
[cochlea Wedl, 1858—as Tetraonchus: syn. of Tetraonchus monenteron (Wagener, 1857) Dies., 1858], 
216. 
cochlear Dies., 1858 : Grubea, Mazocraeidae, 387, 388, 485. 
coeliaca Nybelin, 1941 : Dictyocotyle, Calicotylinae, Monocotylidae, 294. 
cokert (Linton, 1940—as Heteraxine), n. comb. : Lintaxine, Microcotylinae, Microcotylidae, 439, 460. 
collinsi (Mueller, 1936—as Lepidotes) Price, 1937: Diplectanum, Diplectaninae, Dactylogyridae, 251, 
254. 
concinna Th. Scott, 1904: Thawmatocotyle, Merizocotylinae, Monocotylidae [non of Th. Scott, 1902— 
as Acanthocotyle], 289, 333. 
“ [concinna Th. Scott, 1902—as Acanthocotyle: (nom. nud.), misprint for Acanthocotyle monticellii 
Th. Scott, 1902], 333. ; 
confusus (Mueller, 1938—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 209. 
constricta Yam., 1938 : Aaine, Microcotylinae, Microcotylidae, 453-4. 
constrictum Johnst. & Tiegs, 1922: Daitreosoma, Tetraonchinae, Dactylogyridae, 235. 
[contortus Mueller, 1937—as Onchocleidus : syn. of Urocleidus principalis Mizelle, 1936], 248. 
convoluta (Yam., 1937—as Epibdella (Benedenia) c.) Price, 1939: Benedenia, Benedeniinae, Capsalidae, 
318, 319. 
copulatum Mueller, 1938 (as copulata), emend.: Murraytrema, Tetraonchinae, Dactylogyridae, 240-1. 
cordus Nybelin, 1937 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204, 207. 
cornu (Linstow, 1878—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 
209. 
cornutus (Verrill, 1875—as Tristoma) Price, 1938 (as cornutum), emend,: Capsaloides, Capsalinae, 
Capsalidae, 302, 303. 
cornutus (Mueller, 1938—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 210. 
[coronatum (Leidy, 1888—as Polystoma) Ward, 1917—as type of subgen. Polystomoides status ernend., 
Price, 1939 : syn. of Polystomoides coronatus (Leidy, 1888) Price, 1936], 346, 350. 
coror atus (Leidy, 1888—as Polystoma coronatum Ozaki, 1935; emend. Price, 1936: Polystomoides, 
Polystomatinae, Polystomatidae, 350, 351, 352. 
yphaenae Yam., 1938 : Thoracocotyle, Gastrocotylinae, Microcotylidae, 467-8. 
neola Montic., 1910—as Calinella : syn. of Udonella caligorum Johnston, 1835], 268. 
sicaudatum Leuck., in Kollar, 1836—as Diklibothrium: syn. of Diclybothrium armatum Leuck., 
? 37 5, 502. 
Wedl, 1857-—as Gyrodactylus : syn. of Ancyrocephalus paradoxus Crepl., 1839], 227. 
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cruciatus (Wedl, 1857—as Gyrodactylus) Lithe, 1909: Ancyrocephalus, Tetraonchinae, Decne 
[non of Cooper, 1915], 219. 

[eruciatus of Cooper, 1915—as Ancyrocephalus: syn. of Actinocleidus fusiformis (Mueller, 1934) 
Mueller, 1937], 229. i 

crucifer (Wagener, 1857—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 210, 213. Dinka 

[Cryptocoela Johnston, 1865: syn. of Monogenea Carus, 1863], 191. ; 

cryptomeres (Bychowsky, 1934—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae,. 
Dactylogyridae, 210. oy] 

[culwieci Bychowsky, 1931—as Dactylogyrus: syn. of [emended spelling] Neodactylogyrus kulwiect 
(Dogiel & Bychowsky, 1934) Price, 1938], 211. 

cutanea (Guiart, 1938—as T'ricotyla cutaneum), n. comb., emend. : Capsala, Capsalinae, Capsalidae, 296, 
298. 

cyanellus (Mizelle, 1938—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 246. ; 

Oyclobothrium Cerf., 1895: Choricotylinae, Diclidophoridae, Diclidophoroidea, 414, 486, 487, 489, 
493, 495. 2 Hy 

Cyclocotyla Otto, 1823—incertae sedis : Diclidophoridae, Diclidophoroidea, 486, 500. 

[Cyclocotyla of Price, 1943: syn. of Choricotyle v. Ben, & Hesse, 1863], 470, 486, 487, 488, 489, 490, 
491, 492, 493, 495, 497. vs 

[Cyclocotyle of Duj., 1845: syn. (partim) of Diclidophora Dies., 1850], 475, 488-93. 

[Cyclocotyla of Schultze in Ziringer, 1829 [nom. nud. : syn. of Discocotyle Dies., 1850], 400. 

[Cyclocotylinae Price, 1943 : syn. of Choricotylinae n. subfam.], 486, 487. 

[Cyclocotyloides Price, 1943: syn. of Choricotyle v. Ben. & Hesse, 1863], 486, 487, 491. 

cyclophora Braun, 1896 : Lophocotyle, Acanthocotylidae, Acanthocotyloidea, 335. 

[Cyclostoma Otto, 1823: syn. of Cyclocotyla Otto, 1823 [nee Cyclostoma Lamarck, oe molluscan. 
gen.; nec of Nilsson, 1832—a genus of fishes]], 500-1. 

cylindriformis Mueller & Van Cleave, 1932: Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 195. 

cynoscioni (MacCallum, 1917—as Diclidophora) Llewellyn, 1941: Chericotyle, Choricotylinae,. 
Diclidophoridae, 401, 486, 487, 488, 489-90, 492, 497, 500. 

cyprini Buschkiel, 1930 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204. 

[cypselurt Yam., 1940: Aaine, Microcotylinae, Microcotylidae (? identical with Aaine cypseluri 
(Meserve, 1938), n. comb.)], 454. 

cypseluri (Meserve, 1938—as Cestrocolpa), n. comb. : Axine, Microcotylinae, Microcotylidae (? identical 
with Aine cypseluri of Yam., 1940), 454, 455. 

[|Dactycotyle v. Ben. & Hesse, 1863 : syn. of Diclidophora Dies., 1850], 422, 469, 470, 471, 473, 474, 475. 

Dactycotylides Brinkmann, 1942: syn. of Diclidophora Dies., 1850, partim], 471, 480. 

[Dactylocotyla of Ishii, 1936: syn., partim, of Kuhnia n. g., and of Diclidophora Dies., tine 395,. 
481. 

[| Dactylocotyle of Marschall, 1873: for Dactycotyle v. Ben. & Hesse, 1863, nom. emend.: syn. of 
Diclidophora Dies., 1850], 395, 422, 469, 470, 471, 478, 474, 475, 480, 481, 482, 485, 497, 499. 

[Dactylocotyle of MacCallum, 1921 : syn. of Bicotylophora Price, 1936], 421. 

[Dactylocotylidae Brinkmann, 1942: syn. of Diclidophoridae Fuhrmann, 1928, sensu ‘Price; 1943. 
[nec sensu Fuhrmann, 1928]], 377, 469, 470, 474, 499. 

[Dactylocotylinae Brinkmann, 1942: syn. of Diclidophorinae Montic., 1903], 474. 

[Dactylocotyloidea Brinkman, 1942: syn. of Diclidophoroidea Price, 1936], 377, 474. 

Dactylodiscus Olss., 1893—gen. ing.: Tetraonchinae, Dackyloepnaee Gyrodactyloidea (? syn. of | 
Ancyrocephalus Crepl., 1839), 214, 215, 229, 234. vf 

Dactylogyridae Bychowsky, 1933 : Gyrodactyloidea, Monopisthocotylea, 192, 193, 201-2, 256. “i 

Dactylogyrinae Bychowsky, 1933 : Dactylogyridae, Gyrodactyloidea, 202. aT, 

Dactylogyrus Dies., 1850, sensu stricto of Price, 1938 : Dactylogyrinae, Deviate 194, 197, 201 
202. 

Decaties auct.: syn., partim, of Neodactylogyrus Price, 1938, and Teemeangs Dies. 1858}, 2¢ 
216, 226, 227, 228, 229, 230, 250, 251, 252, 258. rant 

daicoci Yam., 1938 : Parancyrocephalotdes, Tetraonchinae, Dactylogyridae, oat. 
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Dattreosoma Johnst. & Tiegs, 1922 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 214, 215, 234-5, 
236. 

dasybatis (MacCallum, 1916—as Merizocotyle) Price, 1938: Thawmatocotyle, Merizocotylinae, 
Monocotylidae, 287, 290. 

dasybatis (MacCallum, 1916—as Monocotyle) Price, 1936: Dasybatotrema, Monocotylinae, 
Monocotylidae, 280, 281. e 

[dasybatis MacCallum, 1916—as Trionchus : syn of Heterocotyle minima (MacCallum, 1916) Price, 1938], 
282. ' 

[dasybatis minimus MacCallum, 1916—as Monocotyle: syn. of Heterocotyle minima (MacCallum, 1916) 
Price, 1938], 282. 

Dasybatotrema Price, 1936 : Monocotylinae, Monocotylidae, Capsaloidea, 279, 280-1, 283, 291. 

denticulata (Olss., .1876—as Octobothrium denticulatum) Price, 1942; emend.: Diclidophora, 
Diclidophorinae, Diclidophoridae, 474, 478-9, 485. 

{Dermophagidae MacCallum, 1926 (type gen. name preoccupied) : syn. of Microbothriidae Price, 1936], 


270, 272. 
: [Dermophaginae MacCallum, 1926 (type gen. name preoccupied) : syn. of Microbothriinae Price, 1936], 
270, 272. 
[Dermophagus of MacCallum, 1926 [non Dermophagus Dejean, 1833]: syn. of Microbothrium Olss., 
1869], 272. 


Dermophthirius MacCallum, 1926 : Microbothriinae, Microbothriidae, Capsaloidea, 270, 272, 273. 
derzhavini (Layman, 1930—as Epibdella) Meserve, 1938 : Benedenia, Benedeniinae, Capsalidae, 318. 
diadema (Montic., 1902—as Epibdella) (Johnst., 1929: as Hntobdella (Entobdella) d.) Price, 1939 : 
Entobdella, Benedeniinae, Capsalidae, 325. 
diaphana Cerf., 1894 (as diaphanum), emend. : Merizocotyle (type sp.), Merizocotylinae, Monocotylidae, 
286, 287, 290. 
[Diaphorocotylinae Montic., 1903 [no corresponding gen.]: syn. of Acanthocotylidae Price, 1936, 
partim), 416. } 
[Diclibothrium of Leuck., 1842: syn. of Diclybothrium Leuck., 1835], 375, 376. 
Diclidophora Dies., 1850: Diclidophorinae, Diclidophoridae, Diclidophoroidea [non Diclidophora of 
Goto, 1894 : =Choricotyle v. Ben. & Hesse, 1863, sensu lato], 395, 401, 421, 469, 470, 471, 472-4, 
485, 486, 487, 488. * 
[Diclidophora of Goto, 1894: in part syn. of Choricotyle v. Ben. & Hesse, 1863, sensu stricto Llewellyn, 
1941 ; Heterobothriwm Cerf., 1895 (sensu emend.) ; Cyclobothriwm Cerf., 1895], 470, 471, 473, 486, 
487, 488-93, 497, 498, 499. 
[Diclidophora of Cerf., 1895: syn. of Choricotyle v. Ben. & Hesse, 1863, sensu Llewellyn, 1941], 470, 
474, 487, 488-93, 497, 498. 
Diclidophoridae Fuhrmann, 1928 (nec sensu Fuhrmann, 1928: Choricotylinae n. subfam.), sensu 
Price, 1943 : Diclidophoroidea, Polyopisthocotylea, 377, 378, 384, 400, 422, 466, 469-71, 486, 
496, 499. 
Diclidophoroidea Price, 1936: Polyopisthocotylea, Monogenea, 192, 193, 336, 377, 378, 379, 382, 
398, 422, 470, 471, 474, 485, 501. 
_ [Diclidophoroides Price, 1943: syn. of Diclidophora Dies., 1850, partim], 421, 471, 472, 474, 480, 484, 
< ilagepuistians Montic., 1903 [=“ Diclidophorines ” of Cerf., 1896] (non sensu Cerf. and Montic. : 
=Choricotylinae n. subfam.), sensu emend. Price, 1943 : Diclidophoridae, Diclidophoroidea, 377, 
- 470, 471-2, 474, 486, 497. 
Dic idophoropsis Gallien, 1937 : Choricotylinae, Diclidophoridae, Diclidophoroidea, 486, 495-6, 
‘Diclybothriinae Price, 1936 : Hexabothriidae, Polystomatoidea, 338, 355, 356, 375, 410, 501. 
jbothrium Leuck., 1835: Diclybothriinae, Hexabothriidae, Polystomatoidea, 355, 375-7, 379, 502. 
vlidae Montic., 1903 (no corresponding gen.) : syn. of Sphyranurinae Price, 1939], 338, 352. 
linae Montic., 1903 (no corresponding gen.) : syn. of Sphyranurinae Price, 1939], 352. 
e Nybelin, 1941 : Calicotylinae, Monocotylidae, Capsaloidea, 290, 291, 293-4. 
ons., 1891 : Trochopus, Trochopodinae, Capsalidae, 308. 
(Wagener, 1857—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
gyridae, 210, 213, 214. i 
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[digitatum Rathke, 1843—-as Octobothrium : syn. of Diclidophora palmata (Leuck., 1830) Dies., 1850], 
482. ; 
[digitatum MacCallum, 1918—as Polystoma: syn. of Polystomoides coronatus (Leidy, 1888) Price, 1939], 
350. 

[Diklibothrium Kollar, 1836: syn. of Diclybothrium Leuck., 1835], 375, 502. 

[diodontis Oken, 1817—as Phylline : syn. of Capsala martiniert Bosc., 1811], 296-7, 323. 

Dionchinae Johnst. & Tiegs, 1922 : Monocotylidae, Capsaloidea, 257, 261, 279, 283-4. 

[Dionchotrema Johnst. & Tiegs, 1922: syn. of Dionchus Goto, 1899], 263. 

Dionchus Goto, 1899 : Dionchinae, Monocotylidae, Capsaloidea, 277, 279, 284. 

diplacanthus Massa, 1903 : T'rochopus, Trochopodinae, Capsalidae, 308, 309. 

Diplasiocotyle Sandars, 1944 : Microcotylinae, Microcotylidae, 447, 

Diplectaninae Montic., 1903 : Dactylogyridae, Gyrodactyloidea, 202, 214, 249, 250. 

Diplectanotrema Johnst. & Tiegs, 1922 (as subgen. of Ancyrocephalus) status emend., Price, 1937 : 
Tetraonchinae, Dactylogyridae, 214, 215, 235-6, 279, 284, 285. 

Diplectanwm Dies., 1858 : Diplectaninae, Dactylogyridae, Gyrodactyloidea, 249, 250, 254, 255, 256, 507. 

[Diplectanum auctorum : syn. partim of Ancyrocephalus Crepl., 1839], 227, 229, 230, 235, 241, 242, 
249, 256. 

[Diplobothrinae Montic., 1899 : syn. of Diclybothyriinae Price 1936], 410, 501. 

[Diplobothriwm of Leuck., 1842: syn. of Diclybothrium Leuck., 1835 (non Diplobothrium of v. Ben., 
1889—a gen. of Cestoda)], 338, 375, 376, 377, 502. 

[Diploozon of Montic., 1888 : misprint for Diplozoon Nordm., 1832], 404. 

[Diploozoon of Montic., 1888 : misprint for Diplozoon Nordm., 1832], 404. 

Diplorchis Ozaki, 1931 : Polystomatinae, Polystomatidae, Polystomatoidea, 339, 343. 

Diplozoon Nordm., 1832 : Discocotylinae, Discocotylidae, Diclidophoroidea, 400, 404-5, 509. 

[Diplozoum of Burmeister, 1835 : misprint for Diplozoon Nordm., 1832], 404. ‘ 

[Diporpa Duj., 1845 (name given to the young forms) : syn. of Diplozoon Nordm., 1832], 404, 405, 406. 

Discocotyle Dies., 1850 : Discocotylinae, Discocotylidae, Diclidophoroidea, 197, 380, 381, 397, 398, 399, 
400-3, 404, 413, 474, 500. 

Discocotylidae Price, 1936 : Diclidophoroidea, Polyopisthocotylea, 377, 379, 383, 397, 398, +399, 407, 
415, 418, 421, 422, 425, 470, 497, 501, 508. 

Discocotylinae Price, 1936 : Discocotylidae, Diclidophoroidea, 398, 399, 400, 404, 407, 415, 418. 

[Discotyle of Braun, 1890: misprint for Discocotyle Dies., 1850], 400. 

dispar (Mueller, 1936—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 246, 248. . 

dissimile (Yam., 1937—as Hexacotyle dissimilis), emend., n. comb. : Hexostoma, Hexostomatidae, 504,. 
505. 

distinctus (Mizelle, 1936—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 232, 246. 

distinguendus (Nybelin, 1937—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 210, 211. 

ditrematis Yam., 1940 : Microcotyle, Microcotylinae, Microcotylidae, 431, 437, 446. 

diversus Mizelle, 1938 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 232. 

Dogielius Bychowsky, 1936 : Dactylogyrinae, Dactylogyridae, Gyrodactyloidea, 202. 

dollfusi (Price, 1942—as Erpocotyle), n. comb. : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 362, 
363-4. 

domitilae (Caballero, 1938—as Polystoma (Polystomoides) d.) Price, 1939 : Aeopoletoraas 
Polystomatinae, Polystomatidae, 345. 

[donavani v. Ben. & Hesse, 1863: Microcotyle, spelling emend., Stiles ss Hassall, 1908, to M. donavini 
(designated type of genus Microcotyle)], 426. > 

donavini v. Ben. & Hesse, 1863 (as donavani) emend.: Microcotyle (type), Miceceotrs : 
Microcotylidae, 423, 425, 426, 435, 438. 

dorosomatis (Yam., 1938—as Pseudoctocotyla), n. comb. : Mazocraeoides, Mazocraeidae, 396, 397 

dorosomatis (Yam., 1938—as Discocotyle) Price, 1943 : Neomazocraes, Mazocraeidae, 397, 398, 40 

draconis Briot, 1904 : Microcotyle, Microcotylinae, Microcotylidae, 431. Was . —_— 

dragini Bychowsky, 1936 : Dackyjlogarus, Dactylogyrinae, Dactylogyridae, 205, \ er sities tl 
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; dujardinianus (Dies., 1850—as be ced Dies., 1858:  Dactylogyrus, Dactylogyrinae, 
Dactylogyridae, 203, 205. 
J [dujardinii Dies., 1850—as Diporpa : syn. of Diplozoon paradoxzum Nordm., 1832], 404, 406. 
9 [duplicata Dies., 1850—as Plagiopeltis : syn. of Hexostoma thynni (Delaroche, 1811) Raf., 1815], 502, 
503, 507. 

[duplicatum Rud., 1819—as Polystoma : syn. of Hexostoma thynni (Delaroche, 1811) Raf., 1815], 502, 
503. 

duquesni (Mueller, 1938—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae,. 
Dactylogyridae, 210. 

echeneis (Wagener, 1857—as Dactylogyrus) Par. & Per., 1889: Diplectanum, Diplectaninae, 
Dactylogyridae, 251. 

[echineis of Par. & Per., 1889—as Diplectanum : syn. of Diplectanum echeneis (Wagener, 1857) Par. & 
Per., 1889], 251. 

[Echinella v. Ben. & Hesse, 1863—gen. ing.—? syn. of Udonella : Udonellidae, Capsaloidea], 264, 265,. 
266. 

ichinopelma Raecke, 1945 : Choricotylinae, Diclidophoridae, Diclidophoroidea, 486, 491, 495. 

[Ectoparasitica Lang, 1888 : syn. of Monogenea Carus, 1863], 191. 

ecuadort (Meserve, 1938—as Heterobothrium), n. comb. : Tagia, Anthocotylinae, Discocotylidae, 419, 
420, 421, 480, 498. 

elagatis Meserve, 1938 : Gotocotyla, Microcotylinae, Microcotylidae, 448, 449. 

elegans Montic., 1890 : Acanthocotyle, Acanthocotylidae, Acanthocotyloidea, 331, 333. 

[elegans Dies., 1858—as Benedenia : syn. of Benedenia sciaenae (v. Ben., 1856) Odhner, 1905], 317, 318. 

[elegans v. Ben., 1858—as Calceostoma : syn. of Calceostoma calceostoma Wagener, 1857], 197, 258, 259. 

elegans Nordm., 1832 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 195, 196-7, 198, 509. 

[elegans of v. Ben., 1858—as Gyrodactylus : syn. of Gyrodactylus gracilis Kathariner, 1894], 197. 

[elegans Nordm., 1840—as Hexacotyle : syn. of Diclybothrium armatum Leuck., 1835], 375, 502. 

elegans Goto, 1894 : Microcotyle, Microcotylinae, Microcotylidae, 431, 437, 438. 

[elegans Baer, 1826—as Nitzschia (renaming of Hirudo sturionis Abild., 1794, and of T'ristoma 

__ elongatum Nitzsch, 1826): syn. of Nitzschia sturionis (Abild., 1794) Kroyer, 1852], 312. 

[elegans of Linton, 1898—as Nitzschia : syn. of Nitzschia superba MacCallum, 1921], 313. 

[elegans MacCallum, 1918—as Polystoma : syn. of Neopolystoma orbiculare (Stunkard, 1916) Price, 1939],. 
345. 

elliptica Dies., 1850 : Plectanocotyle (type), Plectanocotylinae, Discocotylidae, 411. 

[ellipticus of Dies., 1858—as Plectanophorus : syn. of Plectanocotyle ellaptica Dies., 1850], 411. 

elongata (Meserve, 1938—as Awine), n. comb. : Heteraxine, Microcotylinae, Microcotylidae, 459. 

[elongata Baird, 1853—as Capsala: syn. of Entobdella hippoglossi (Mueller, 1776) Blainv., 1818; and 
of Nitzschia sturionis (Abild., 1794) Kroyer, 1852], 312, 324. 

elongata (Goto, 1894—as Diclidophora) Llewellyn, 1941 : Choricotyle, Choricotylinae, Diclidophoridae, 
488, 489. 

[elongata of Montic., 1909—as Nitzschia : syn. of Nitzschia monticelli Price, 1939], 313. 

[elongata of Linton, 1901—as Nitzschia : syn. of Nitzschia superba MacCallum, 1921], 313. 

[elongatum Nitzsch, 1826—as T'ristoma: syn. of Nitzschia sturionis (Abild., 1793) Kroyer, 1852], 312. 

elongatus Jacob, 1940 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 205. 

-emarginata (Olsson, 1876—as Onchocotyle) (Price, 1940, as type of Rajonchocotyloides), n. comb. : 

Be Rajonchocotyle, Hexabothriinae, Hexabothriidae, 359, 368, 370, 371, 372-3. 

Hy yplewrodiscus Johnst. & Tiegs, 1922: syn. of Lepidotrema Johnst. & Tiegs, 1922], 253. 

pleurosoma Johnst. & Tiegs, 1922: Tetraonchinae, Dactylogyridae, 214, 215, 236, 249. 

hotrema Johnst. & Tiegs, 1922: Merizocotylinae, Monocotylidae, Capsaloidea, 279, 283, 286, 

9, 290, 292. 

6 Dies., 1850 : Encotyllabinae, Capsalidae, Capsaloidea, 311, 314, 315, 316. 

idae Montic., 1888 (also as Encotyllabididae) : syns. of Encotyllabinae Montic., 1892], 
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Enoplocotylinae Tagliani, 1912 : Microbothriidae, Capsaloidea, 270, 277-8. 
[Enterocotylea Montic., 1892: syn. of Monogenea Carus, 1863], 191. 
|Entobdella auct.: partim syn. of Benedenia Dies., 1858], 318, 322. ‘a 
Entobdella Blainville, in Lamarck, 1818 : Benedeniinae, Capsalidae, 312, 316, 318, 322, 323-4, 328. 
[Entobdella Johnst., 1929 (type subgen. of Hntobdella Blainv.): syn. of Entobdella Blainv., 1818], 316, 
325, 326, 327. 
[Epibdella Blainv., 1827: syn. of Entobdella Blainv., in Lamarck, 1818], 278, 274, 316, 323, 324, 325, 
326, 327. 
[Epibdella of v. Ben., 1858, and of Yam., 1934: syn. of Benedenia Dies., 1850], 316, 317, 318, 320, 321, 
322, 323, 324. 
[Epibdella of Yam., 1938 (as subgen. of Hpibdella) : syn. of Benedenia Dies., 1850], 317, 318, one) 325. 
epinepheli Yam., 1938 : Diplectanum, Diplectaninae, Dactylogyridae, 252. 
epinepheli (Yam., 1937—as Epibdella (Epibdella) e.) Meserve, 1938: Benedenia, Benedeniinae, 
Capsalidae, 318, 320. 
eriensis Bangham & Hunter, 1936 : Microcotyle, Microcotylinae, Microcotylidae, 431. . 
[Erpocotyle v. Ben. & Hesse, 1863—gen. ing.: (?) syn. of Squalonchocotyle Cerf., 1899 (non Erpocotyle 
; of Linst., 1904)], 355, 361, 362, 363, 364, 365, 366, 367, 368, 369. 
[Erpocotyle of Linstow, 1904: syn. of Diclybothrium Leuck., 1835], 376. ; 
[Ertobdella of Rathke, 1843: misprint for Hntobdella Blainv., 1818], 323, 324. 
erythrini v. Ben. & Hesse, 1863: Microcotyle, Microcotylinae, Microcotylidae, 381, 426, 432, 439. 
-esmarkii (Th. Scott, 1901—as Octobothrium)—sp. inq.—incertae sedis : (?) Diclidophora, Diclidophorinae, 
Diclidophoridae, 485. 
eueides MacCallum & MacCallum, 1913: Microcotyle, Microcotylinae, Microcotylidae, 432. 
-eugalei (Price, 1942—as Erpocotyle), n. comb. : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 362, 
364. 
[Eupolycotylea Dies., 1850: syn. of Polyopisthocotylea Odhner, 1912], 336. 
euryceae Hughes & Moore, 1943: Sphyranura, Sphyranurinae, Polystomatidae, 353-4. 
euthynni Meserve, 1938 : Hexostoma, Hexostomatidae, 504, 506. 
[exacantha of Montic., 1892—as Placunella : syn. of Megalocotyle hexacantha (Par. & Per., 1889) Price, 
1939], 545. 7 
[exachanthus of Par. & Per., 1889, and of Massa, 1903—as Placunella and Trochopus respectively : 
syn. of Megalocotyle hexacantha (Par. & Per., 1889) Price, 1939], 545. 
[eacavatum Nordm.—in MS.—as T'ristoma : syn. of Encotyllabe nordmanni Dies., 1850], 314. - 
exhamatum (Ozaki, 1935—as Polystomoides) Price, 1939: Neopolystoma, Polystomatinae, 
Polystomatidae, 344, 345-6. 
eatensicaudum (Dawes, 1940—as Hexacotyle) : Hexostoma, Hexostomatidae, 504-6, 507. 
extensus Mueller & Van Cleave, 1932 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 205. 
fairporti Van Cleave, 1921: Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 197. 
faleatus (Wedl, 1857—as Gyrodactylus) Dies., 1858 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 205. 
fallax Wagener, 1857 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 205. 
fergusom Mizelle, 1938 : Actinocleidus, Tetraonchinae, Dactylogyridae, 217, 218, 219. 
ferox Mueller, 1934: Urocleidus, Tetraonchinae, Dactylogyridae, 244, 246, 248. 
jintae v. Ben. & Hesse, 1863—sp. ing. : Ophicotyle—gen. ing—Mazocraeidae, 384, 386. 
[Flabellodiscus Johnst. & Tiegs, 1922: syn. of Lepidotrema Johnst. & Tiegs, 1922], 249, 253, 254. 
flagellatus Mizelle & Seamster, 1939 : Actinocleidus, Tetraonchinae, Dactylogyridae, 218, 220. 
flavolineata MacCallum, 1916 : Amphibdella, Tetraonchinae, Dactylogyridae, 221, 222. : 
floridana (Pratt, 1910—as Monocotyle) Price, 1938: Heterocotyle, Monocotylinae, Monocotylidae, 280, 282. & 
[floridanum Stunkard, 1924—as Polystoma: syn. of Neopolystoma orbiculare (Stunkard, 1916) Price, 
1939], 345. eee ; 
floridanus Mueller, 1936 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 232, 233. 
fluviatile (Johnst. & Tiegs, 1922—as Lepidotes fluviatilis) Price, 1937; emend. : 
Diplectaninae, Dactylogyridae, 252. 
Joliacea (Goto, 1894—as Tristoma foliacewm) Price, 1938 : Capsala, Capsalinae, Capsalidae, 2 


forceps (Leuckart, 1857—as Dactylogyrus) Lithe, 1909 : Ancyrocephalus, Tetraonchinae, D D 
229. ; 4 
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forceps Bychowsky, 1936 : Dogielius, Dactylogyrinae, Dactylogyridae, 214. 

_formosus Kulwie¢, 1937 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 205. 

[formosus Mueller, 1936—as Onchocleidus : syn. of Cleidodiscus vancleavei Mizelle, 1936], 234. 

[fragile Olsson, 1869—as Microbothrium : Price, 1938—as syn. of Micropharynx parasitica Jaegerskiold, 
1897, a parasitic triclad turbellarian], 272. 

fraternus (Wegener, 1909—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 210, 211, 213. 

Fridericianella Brandes, 1894 : Calceostomatidae, Gyrodactyloidea, 257, 262. 

frisii (Bychowsky, 1933—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae,. 
Dactylogyridae, 211. 

fuhrmanni Guiart, 1938—as Tristoma (nom. nud.) (?) sp. ing. : Tristoma, Capsalinae, Capsalidae, 296, 

306. 

fulcrum (Mueller, 1938—as Dactylogyrus) Price, 1938 : rs, Dactylogyrinae, Dactylogyridae, 
211. 

fuliginosum Johnston & Tiegs, 1922 (as fuliginosus), emend. : seo ah Diplectaninae, Dactylogyridae, 
253. 

fundulus Mizelle, 1940 : Urocleidus, Datraaaebien Dactylogyridae, 246. 

furcata Linton, 1940 : Microcotyle, Microcotylinae, Microcotylidae, 432. 

furcatus (Mueller, 1937—as Haplocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 246, 248. 

fusiformis (Mueller, 1934—as Cleidodiscus) Mueller, 1937:  Actinocleidus, Tetraonchinae, 
Dactylogyridae, 218-9, 229. 

fusiformis Goto, 1894 : Microcotyle, Microcotylinae, Microcotylidae, 432-3. 

gadopsis Kent Hughes, 1928 : Anchylodiscus, Tetraonchinae, Dactylogyridae, 225. 

gaillimhe Little, 1929 : Trochopus, Trochopodinae, Capsalidae, 308. 

galapagensis (Meserve, 1938—as Heterobothrium),n. comb. : Hemitagia, Anthocotylinae, Discocotylidae, 
420, 421, 480. 

galeorhini (Price, 1942—as Hrpocotyle), n. comb. : Seealoncperente Hexabothriinae, Hexabothriidae, 
362, 364. 

gallieni Price, 1939 : Polystoma, Polystomatinae, Polystomatidae, 314, 343. 

-< [Gastrocotyla of Ishii & Sawada, 1938: syn. of Gastrocotyle v. Ben. & Hesse, 1863], 461, 463. 
Gastrocotyle v. Ben. & Hesse, 1863 : Gastrocotylinae, Mir Sonnyaaae Diclidophoroidea, 422, 423, 461-2, 

464, 466, 467, 468. 

[Gastrocotylidae Price, 1943 : syn. (?) partim (¢), of Gastrocotylinae n. subfam.], 378, 422, 461. 
Gastrocotylinae n. subfam. : Microcotylidae, Diclidophoroidea, 411, 422, 423, 460-1, 464, 466, 468. 
gemellus (Nybelin, 1937—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 

, Dactylogyridae, 211, 213. 

georget Price, 1936 : Mazocraeoides, Mazocraeidae, 396-7. 

gerres Sandars, 1944 : Microcotyle, Microcotylinae, Microcotylidae, 433, 437. 

gibbosus Mizelle & Donahue, 1944: Actinocleidus, Tetraonchinae, Dactylogyridae, 219. 

 gingylostomae Brooks, 1934 : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 364. 

 girellae (Johnst. & Tiegs, 1922—as Acleotrema) Price, 1937:  Diplectanum, Diplectaninae,. 

- Dactylogyridae, 252. Eh 

een Johnst. & Tiegs, 1922: Calceostoma, Calceostomatidae, 258, 259, 508. 

-[Glossocotyle v. Ben. & Hesse, 1863: (?) syn. of Mazocraés Herm., 1782—gen. ing.], 384, 386. 

tii Yam., 1940: Trochopus, Trochopodinae, Capsalidae, 308. 

nlasius Sandars, 1944 : Microcotylinae, Microcotylidae, 446. 

fotocotyla Ishii, 1936 : Microcotylinae, Microcotylidae, Diclidophoroidea, 424, 448, 451. 

Yam., 1934: Microcotyle, Microcotylinae, Microcotylidae, 433. 

's Mueller, 1937 : Actinocleidus, Tetraonchinae, Dactylogyridae, 217, 218, 219. 

(Linton, 1940—as Axine), n. comb, : (?) Axinoides, Microcotylinae, Microcotylidae, 456. 

ariner, 1894: Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 196, 197. 

|, 1861—as Dactylogyrus) Price, 1938 : Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 


Urocleidus, Tetraonchinae, Dactylogyridae, 247. 


“) Seamster, 1939 : 
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grimaldii (Guiart, 1938—as T'rristomella), n. comb. : Capsala, Capsalinae, Capsalidae, 296, 298. 

grisea Cerf., 1899 : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 364-5. 

groenlandicus Levinsen, 1881 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 197. 

grossum (Goto, 1894—as Hexacotyle grossa), n. comb., emend. : Hexostoma, Hexostomatidae, 505, 506. 

Grubea Dies., 1858 : Mazocraeidae, Diclidophoroidea (non Grubea of Quatrefages, 1865 [? 1866]—a gen. 
of syllid polychaetes), 382, 387, 388, 420, 485. 

[Grubeidae Poche, 1926: syn. of Mazocraeidae Price, 1936, partim], 387. 

-gurleyi Price, 1937 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 197. 

[gurnardi v. Ben. & Hesse, 1863: as Platycotyle: (%) syn. of Plectanocotyle gurnardi (v. Ben. & Hesse, 
1863) Llewellyn, 1941], 411. 

gurnardi (v. Ben. & Hesse, 1863—as Phyllocotyle) Llewellyn, 1941: Plectanocotyle, Plectanocotylinae, 
Discocotylidae, 411, 412, 413-4, 415. 

|Gymnocalicotyle Nybelin, 1941—subgen. of Calicotyle Dies., 1850: syn. of Calicotyle Dies., 1850], 291, 
292, 293. 

-Gyrodactylidae Cobbold, 1864: Gyrodactyloidea, Monopisthocotylea, 193, 194, 201, 214, 249, 268, 
338, 408. 

[‘‘ Gyrodactylides ’ v. Ben. & Hesse, 1863—vernacular name : syn. of Gyrodactylidae Cobbold, 1864], 
193, 194, 230. 

Gyrcdactylinae Montic., 1892 : Gyrodactylidae, Gyrodactyloidea, 194, 202, 214. 

‘Gyrodactyloidea Johnst. & Tiegs, 1922 : Monopisthocotylea, Monogenea, 192, 193, 261. 

Gyrodactylus Nordm., 1832: Gyrodactylinae, Gyrodactylidae, Gyrodactyloidea, 194, 195, 197, 199, 
201, 202, 203, 204, 205, 214, 216, 227, 229, 509. 

Haliotrema Johnst. & Tiegs, 1922: Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 214, 215, 237. 

|hamatum Rathke, 1843—as Tristoma : syn. of Entobdella hippoglossi Blainv., 1818], 323, 324. 
hamulatum (Simer, 1929—as Diplobothriwm) Price, 1942: Diclybothrium, Diclybothriinae, 
Hexabothriidae, 376, 377. 

|Haplocleidus Mueller, 1937 : syn. of Urocleidus Mueller, 1934], 229, 233, 242, 243, 245, 246, 247, 249. 

haplogonus (Bychowsky, 1933—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 211. 

harengi (v. Ben. & Hesse, 1863—as Octocotyle) Nicoll, 1915 : Mazocraés, Mazocraeidae, 384-5. 

harquebus Mizelle & Cronin, 1943 : Actinocleidus, Tetraonchinae, Dactylogyridae, 218, 219, 220. 

hassalli (Goto, 1899—as Polystoma) (Caballero, 1940 : Polystomoidella, Polystomatinae, Polystomatidae) ; 
Price, 1939 : syn. of Polystomoidella oblongum (Wright, 1879) Price, 1939, 348, 349. ; 

{hassalli of Harwood, 1932—as Polystoma (Polystomoides) h.: syn. of Polystomoidella whartoni Price, 
1939], 349. 

hastatus (Mueller, 1936—as Aristocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 247. 

helicis (Mueller, 1936—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 247. 

helicolent (Woolcock, 1936—as Megalocotyle) Price, 1939 : Trochopus, Trochopodinae, Capsalidae, 309. 

helotes Sandars, 1944 : Microcotyle, Microcotylinae, Microcotylidae, 427, 433. 

Hemitagia n. gen. (syn. partim of Heterobothrium of Meserve, 1938—non of Cerf., 1895) : Anthocotylinae, 
Discocotylidae, Diclidophoroidea, 415, 420, 421, 497. 

hendorffii (Linstow, 1889—as Phylline) Odhner, 1905: Benedenia, Benedeniinae, Capsalidae, 320, 323. 

[hendorfii of Montic., 1892—as H'pibdella : syn. of Benedenia hendorffii (Linst. 1889) Odh., 1905], 320. 

heteracantha Manter, 1938 : Microcotyle, Microcotylinae, Microcotylidae, 433-4, 447. 

| Heteracanthus Dies., 1836 (non of Newberry, 1889—a fish genus) : syn. of Awine Abild., 1794], 451, 452. 

heterachanthus Masaa, 1903 : Trochopus, Trochopodinae, Capsalidae, 308. 

Heteraxine Yam., 1938 (as subgen. of Awine Abild., 1794), status emend.: Microcotylinae, — 
Microcotylidae, Diclidophoroidea (non Heteraxine of Linton) 1940—Lintaxine n. gen.), 424, 433, 
442, 451, 452, 455, 457-8, 460. 

Heterobothrium Cerf., 1895: Choricotylinae, Diclidophoridae, Diclidophoroidea, 419, 486, peti. Dy 
497-8, 499. 

|Heterobothrium of Meserve, 1938: syn. partim of Hemitagia, n. gen., and Tagia, n. gen.],, 4] 5, 
420, 421, 480, 497, 498. 
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heterocerca (Goto, 1894—as Axine) Yam., 1938 (as Axine (Heteraxine) h.—as type of subgen.), status 
emend. : Heteraxine, Microcotylinae, Microcotylidae, 457, 458, 459. 

Heterocotyle Th. Scott, 1904 : Monocotylinae, Monocotylidae, Capsaloidea, 279, 280, 281-2, 283. 

heterocotyle (v. Ben., 1870—as Octostoma), n. comb. (sp. ing.) : Mazocraés, Mazocraeidae, 385. 

{Heterocotylea Braun, 1893 : syn. of Monogenea Carus, 1863], 191. 

[Heterocotylida Lahille, 1918 : syn. of Monogenea Carus, 1863], 191. 

Heteronchocotyle Brooks, 1934 : Hexabothriinae, Hexabothriidae, Polystomatoidea, 355, 356, 360, 369. 

Hexabothriidae Price, 1942: Polystomatoidea, Polyopisthocotylea, 338, 355-6, 369, 370, 375, 379, 
399, 501. — 

Hexabothriinae Price, 1942 : Hexabothriidae, Polystomatoidea, 338, 355, 356, 369, 370, 371, 375. 

Hexabothrium Nordm., 1832 : Hexabothriinae, Hexabothriidae, Polystomatoidea, 340, 356-7, 361, 502. 

@ hexacantha (Par. & Per., 1889—as Placunella hexacanthus) Price, 1939 : Megalocotyle, Trochopodinae, 
Capsalidae, 545. 

|Hexacotyla Blainv., 1828 and Hexacotyle Blainv., 1828: syns. of Hexostoma Raf., 1815 (non Hexacotyle 
of Nordm., 1840=Diclybothriwm Leuck., 1835)], 375, 501, 502, 503, 504, 506, 507, 509. 

| Hexacotylidae Montic., 1899 : syn. partim of Diclybothriinae Price, 1936 ; Hexabothriinae Price, 1942, 
partim ; Plectancotylinae Montic, 1903], 399, 410, 501. 

[Hexastoma of Rud., 1809—as subgen. of Polystoma: syn. partim, of Polystoma Zeder, 1800; and of 
Hexathyridium Treutler, 1793—a gen. of arachnoids ; (non Hexastoma of Kuhn, 1829)], 340, 502. 

{Hexastoma of Kuhn, 1829 : syn. of Polystoma Zeder, 1800 (non Hexastoma Rud., 1809)], 356, 357, 388, 
502. 

[Hexastomatidae of Linton, 1940: syn. of Hexostomatidae Price, 1936], 377, 504. 

[Hexathyridium of Blainv., 1821 (also as Hexathiridium) : syn. (partim) of Polystoma Zeder, 1800; and 
’ of Hexathyridium Treutler, 1793—a gen. of arachnoids)], 339, 340. 

7 Hexostoma Raf., 1815 : Hexostomatidae, Diclidophoroidea, 439, 501, 502-3, 504, 505. 
Hexostomatidae Price, 1936 : Diclidophoroidea, Polyopisthocotylea, 192, 377, 378, 399, 501, 502. 
hiatulae Goto, 1899 : Microcotyle, Microcotylinae, Microcotylidae, 434, 437, 444, 445. 
hippoglossi (Miller, 1776—as Hirudo) (Johnston, 1929: Hntobdella (Entobdella) h.) Blainville, 1818 : 

Entobdella (type), Benedeniinae, Capsalidae, 316, 322, 323, 324-5, 327. 
hippopotami Stunkard, 1924 : Oculotrema, Polystomatinae, Polystomatidae, 346, 347. 
[hirudinis of Montic., 1888—as Echinella (for E. hirundinis v. Ben. & Hesse)—gen. et sp. ing.: (? syn. 
of Udonella caligorum Johnst. 1835)], 265. 
oa [Hirudo of Abild., 1794: syn. of Nitzschia Baer, 1826], 312. 
[Hirudo of Kroyer in Dies., 1850: syn. of Udonella Johnston, 1835], 265. 
[Hirudo of Miller, 1776: syn., partim, of Entobdella Blainv., 1818], 323, 324. 

hirundinis v. Ben. & Hesse, 1863 : Hchinella (gen. et sp. ing.) : (? syn. of Udonella caligorum Johnst., 
1835), 265, 266. 

[histiophori Bell, 1891—as Tristoma : syn. of Capsala laevis (Verrill, 1874) Johnst., 1929], 299. 

hypoprioni Brooks, 1924 : Heteronchocotyle, Hexabothriinae, Hexabothriidae, 369. 

hysteroncha (Fujii, 1944, as Cyclocotyla), n. comb. : Choricotyle, Choricotylinae, Diclidophoridae, 490, 
492. 

ichinidai Ishii & Sawada, 1938 (as Microcotyla i.), emend. : Microcotyle, Microcotylinae, Microcotylidae, 
434, 444. 

ijimae (Goto, 1894—as Monocotyle) Price, 1936 :  Tritestis, Monocotylinae, Monocotylidae, 283. 

inada Ishii & Sawada, 1938 : Azxine, Microcotylinae, Microcotylidae, 455, 457. 

imada Ishii & Sawada, 1938 (as Microcotyla i.), emend. : Microcotyle, Microcotylinae, Microcotylidae, 

(Linton, 1910—as Microcotyle) Fujii, 1944 : Microcotyloides, Microcotylinae, Microcotylidae, 431. 


or Mizelle, 1936—as Cleidodiscus : syn. of Cleidodiscus robustus Mueller, 1934], 230. 
mparabilis MacCallum, 1917 : Microcotyle, Microcotylinae, Microcotylidae, 434. 


“ 


zelle . pean 1944 : Actinocletdus, Tetraonchinae, ani abir e 219. 


i ast 1941 : Diplomon, Discocotylinae, Discovotylidae, 406. 
Per., 1889 : Calceostoma, Calceostomatidae, 259. 
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(2) inerme of Wlassenko, 1931: (?) syn. of Calceostoma inerme Par. & Per., 1889, 259. 

[inerme MacCallum, 1918—as Polystoma : syn. of Neopolystoma orbiculare (Stunkard, 1916) Price, 1800, 
345. 

inermis Woolcock, 1936 : Calicotyle, Calicotylinae, Monocotylidae, 293. 

[inermis Goto, 1899—as var. of Tristoma laeve : syn. of Capsala ovalis (Goto, 1894) Price, 1939,emend.], 
299, 301. 

[inhaerens Dalyell, 1853—as Octodactylus: syn. of Diclidophora palmata (Leuck., 1830) Dies., 1850 
(revived as the type of newly constituted gen. by Price, 1943—as Octodactylus palmata)], 472, 473, 
482, 483. 

invistti Yam., 1937 : Cyclobothrium, Choricotylinae, Diclidophoridae, 494, 495. 

integerrimum (Froélich, 1791—as Linguatula integerrima) Rud., 1808 : Polystoma, Polystomatinae, 
Polystomatidae, 340-1, 342, 343, 352, 502. 

[integerrimum of Gallien, 1932—as Polystoma : syn. of Polystoma gallieni Price, 1939], 341. 

[integerrimum of Ozaki, 1935—as Polystoma : syn. of Polystoma ozakii Price, 1939], 341, 343. 

[integerriomum var. nearcticum of Paul, pends Polystoma : syn. of Polystoma nearcticum Price, 1939],. 
341. 

integra (Dies., 1850—as T'ristoma integrum) [=T'. coccineum auct. of Price, 1936]; emend.: Capsala, 
Capsalinae, Capsalidae, 303, 304, 305. 

intermedius Wegener, 1909 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 204, 205, 207. 

interrupta (Montic., 1891—as Tristoma interruptum) Price, 1938, emend.: Capsala, Capsalinae, 
Capsalidae, 298-9. 

interruptus (Mizelle, 1936—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 247. 

inversus Goto & Kikuchi, 1917 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. 

isabellae Meserve, 1938 : Benedenia, Benedeniinae, Capsalidae, 318, 320, 321. 

Tsancistrinae Fuhrmann, 1928 : Gyrodactylidae, Gyrodactyloidea, 194, 214. 

Isancistrum de Beauchamp, 1912: Isancistrinae, Gyrodactylidae, Gyrodactyloidea, 194. 

ishikawae (Goto, 1894—as Epibdella) Odhner, 1905 : Benedenia, Benedeniinae, Capsalidae, 318, 320, 
322. 

[ishikawai of St. Remy, 1898—as Hpibdella : syn. of Benedenia ishikawae (Goto, 1894)], 320. 

japonense Yam., 1934: Haliotrema, Tetraonchinae, Dactylogyridae, 237, 238. 

japonica Ishii & Sawada, 1938 : Gastrocotyle, Gastrocotylinae, Microcotylidae, 463. 

japonicus Ozaki, 1931 (as japonicum), emend.: Polystomoides, Polystomatinae, Polystomatidae, 350, 
351, 352. 

japonicus Kikuchi, 1929: Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 196, 197. 

johnstoni Sandars, 1944 : Diplasiocotyle, Microcotylinae, Microcotylidae, 447-8. _ 

_ kachugae (Stewart, 1914—as Polystoma) Fukui & Ogata, 1936: Polystomoides, Polystomatinae, 
Polystomatidae, 351. 

kaisuwoni (Ishii, 1936—as Tristoma katswwonum) Price, 1938 (as katsuwona), emend,: Capsala,. 
Capsalinae, Capsalidae, 299. 

katsuwonis Ishii, 1936: Pseudaxine, Gastrocotylinae, Microcotylidae, 465, 466. 

kenojet Yam., 1938 : Rajonchocotyle, Hexabothriinae, Hexabothriidae, 374. 

[kréyert of Wierzejski, 1877—as Callicotyle : syn. of Calicotyle kroyeri Dies., 1850], 292. 

[kroeyert Frey & Leuckart, 1847—as Amphibothrium : syn. of Udonella caligorum Johnst., 1939], 265. 

kroyeri Dies., 1850: Calicotyle, Calicotylinae, Monocotylidae, 291, 292-3," 294. . 

Kuhnia Sproston, 1945 (n. n. pro Octosioma Kuhn, 1829, partim): Mazocraeidae, Diclidophoroidea, 
269, 382, 384, 386, 387, 388-9, 395, 397, 398, 402, 403, 413, 423, 500, 502. 

kulwieci (Bychowsky, 1931—as Dactylogyrus culwieci—renamed Bychowsky, 1933) Eripeig) 1988 iy 
Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 211. ‘= anbe 

|Labontes MacCallum, 1927: syn. of Microbothriwm Olss., 1869], 270. tls 

[|Labontidae MacCallum, 1927: syn. of Microbothriidae Price, 1936, partim], 270. 

Pe sneeaeng i 1927 : syn. of Microbothriinae, j Erie Betis mide: te 
490. ; 

labracis v. Ben, & Hesse, 1863 : Microcotyle, Microcotylinae, Pee 

’ : ¢.a8 
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lactophrys (MacCallum, 1915—as Dipiccionam) Johnst. & Tiegs, 1922 : Ancyrocephalus, Tetraonchinae, 
Dactylogyridae, 229. 

[laeve of Linton, 1898—as T'ristoma : syn. of Capsala lintoni Price, 1939], 299. 

laevis (Verrill, 1874—as Tristoma laeve) Johnst., 1929, emend. : Capsala, Capsalinae, Capsalidae, 29 
298, 299, 300, 301. 

(?) laevis (v. Ben. & Hesse, 1863—as Erpocotyle) Dollfus, 1937—gen. et sp. ing.: Squalonchocotyle, 
Hexabothriinae, Hexabothriidae (revived by Price, 1942, as type of the valid gen. Erpocotyle 
v. Ben. & Hesse, 1863, having priority over Squalonchocotyle Cerf., 1899), 361, 364, 368. 

Jaevis Price, 1942 : Rajonchocotyle, Hexabothriinae, Hexabothriidae, 374. 

Lamellodiscus Johnst. & Tiegs, 1922: Diplectaninae, Dactylogyridae, Gyrodactyloidea, 249, 250, 
252, 507. 

lanceatum Mueller, 1934 : Octomacrum, Discocotylinae, Discocotylidae, 403, 404. 

[lanceolata of Schultze, in Zaringer, 1829—as Cyclocotyla (nom. nud.): syn. of Discocotyle sagittata 
(Leuck., 1842) Dies., 1850], 400, 500. 

[lanceolata of Dies., 1850—as Octocotyle : syn. of Mazocraés alosae Herm., 1782], 383. 

[lanceolatum alosae of Mayer, 1841—as Octobothriwm : syn. of Mazocraés alosae Herm., 1782], 383. 

[lanceolatum Leuck., 1827—as Octobothrium : syn. of Mazocraés alosae Herm., 1782], 381, 382, 383, 384, 
390, 472, 475, 483. 

datus Bychowsky, 1933: Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 198. 

[Lepidoptreminae of Johnst. & Tiegs, 1922: misprint for Lepidotreminae Johnst. & Tiegs, 1922 
(= Diplectaninae Montic., 1903)], 249. 

lepidorhini Guiart, 1938 : Pseudocotyle, Pesudocotylinae, Microbothriidae, 277. 

[Lepidotes Johnst. & Tiegs, 1922: syn. of Diplectanum, Dies., 1858], 249, 250, 251, 252. 

Lepidotrema Johnst. & Tiegs, 1922: Diplectaninae, Dactylogyridae, 249, 250, 253, 397, 507. 

{Lepidotreminae Johnst. & Tiegs, 1922: syn. of Diplectaninae Montic., 1903], 194, 214, 249. 

Leptobothrium Gallien, 1937 : Microbothriinae, Microbothriidae, Capsaloidea, 270, 272-3. 

[Leptocleidus Mueller, 1936: syn. of Cleidodiscus Mueller, 1934], 230, 232. 

Leptocotyle Montic., 1904 (as subgen. of Pseudocotyle v. Ben. & Hesse, 1863), status emend. Gallien, 
1937 : Microbothriinae, Microbothriidae, 263, 270, 273-4, 275, 277, 278. 

leptogaster (Leuck., 1830—as Octobothriwm) Brinkmann, 1942: Chimaericola, Chimaericolidae, 
Diclidophoroidea, 379, 380, 381, 475, 499. 

lethrint Yam., 1937 : Ancyrocephalus, Tetraonchinae, Dactylogyridae, 228, 229. 

levinsenit Montic., 1891 : Tristoma, Capsalinae, Capsalidae, 296, 305. 

licha Rees & Llewellyn, 1941 (nom. nud.) : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 365. 

lichiae Ariola, 1899 : Microcotyle, Microcotylinae, Microcotylidae, 435. 

lineatus Th. Scott, 1901 : T'rochopus, Trochopodinae, Capsalidae, 308. 

Linguadactyla Brinkmann, 1941: Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 202, 206, 207, 
215, 228, 239, 256. 

[Linguatula of Frélich, 1791: syn. of Polystoma Zeder, 1800 (non Linguatula of Frélich, 1789—a 
gen. of arachnoids)], 339, 340. 

Jinstowi Bychowsky, 1936 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. 

LTintaxine n. gen. (n. vn. pro Heteraxine of Linton, 1940): Microcotylinae, Microcotylidae, 
Diclidophoroidea, 424, 439, 452, 457, 460. 

_ lintoni Price, 1939 : Capsala, Capsalinae, Capsalidae (n. n. pro T'ristoma laeve of Linton, 1898), 299-300. 

[Lintonia Montic., 1904: syn. of Udonella Johnst., 1835], 261, 264, 265, 267, 268, 335. 

ii Montic., 1909 : Encotyllabe, Encotyllabinae, Capsalidae, 314, 315. 

idiocotyle n. gen. (n. n. pro Microcotyle v. Ben. & Hesse, 1863, partim): Gastrocotylinae, 

ficrocotylidae, Diclidophoroidea, 434, 461, 467, 468, 469. 

i Montic., 1888 : Acanthocotyle, Acanthocotylidae, 331, 332. 

i of Montic., 1891—as Acanthocotyle : syn. of Acanthocotyle lobianchi Montic., 1888], 332. 

101 of Goto, 1899—as Acanthocotyle : syn. of A. lobianchi Mont., 1888], 332. 

of Montic., 1899—as Acanthocotyle : syn. of A. lobianchi Montic., 1888], 332. 

Price, 1936 : Monocotylidae, Capsaloidea, 279, 285, 508. 

lum, 1917: Loimoinae, Monocotylidae, Capsaloidea, 263, 264, 285, 508. 

1944 : Loimoinae, ii tes ice Capsaloidea, 508. 
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loliginis de Beauchamp, 1912: Isancistrum, Isancistrinae, Gyrodactylidae, 194. 
longicauda Goto, 1899: Microcotyle, Microcotylinae, Microcotylidae, 435. 
[longicolle Dies., 1859—as Octoplectanum: syn. of Diclidophora merlangi (Kuhn, in Nordm., eget 
Kroyer [1851, or later]], 400, 470, 475, 483. 
[longicollis Dies., 1850—as Diclidophora: syn. of Diclidophora merlangi (Kuhn, in Nordm., 1832) 
Kroyer [185], or later]], 472, 473, 475, 477. 
longicopula Bychowsky, 1936 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. 
longipenis Yam., 1934: Squamodiscus, Diplectaninae, Dactylogyridae, 252, 255, 256. 
[longipes Dies., 1850—as Trochopus : syn. of Trochopus tubiporus (Dies., 1836) v. Ben. & Hesse, 1863], 
307, 308. 
longiphallus (MacCallum, 1915—as Diplectanum) Johnst. & Tiegs, 1922 : T'etrancistrum, Tetraonchinae, 
Dactylogyridae, 242, 243. 
[longites of Sprehn, 1933—as T'rochopus : syn. of T'rochopus tubiporus (Dies., 1836)], 308. 
longus Mizelle, 1936 : Actinocleidus, Tetraonchinae, Dactylogyridae, 219, 220. 
longus Mizelle, 1936 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 232, 246, 249. 
Lophocotyle Braun, 1896 : Acanthocotylidae, Acanthocotyloidea, 277, 279, 284, 330, 331, 335. 
[lorenzit Montic., 1899—as Plectanocotyle : syn. of Plectanocotyle gurnardi (v. Ben. & Hesse, 1863) 
Llewellyn, 1941], 412, 413. 
lupiv. Ben. & Hesse, 1863: Udonella, Udonellidae ((?) syn. of U. caligorum Johnst., 1835—sp. ing.), 266. 
luscae (v. Ben. & Hesse, 1863—as Dactycotyle) Price, 1943: Diclidophora, Diclidophorinae, 
Diclidophoridae, 471, 474, 479. ‘ 
lutiant Tubangui, 1931 : Tetrancistrum, Tetraonchinae, Dactylogyridae, 242. 
maccallumi Price, 1939 : Capsala, Capsalinae, Capsalidae, 298, 300, 301. 
moccallumi (Johnst. & Tiegs, 1922—as Amphibdella) Price, 1937: Amphibdelloides, Tetraonchinae, 
Dactylogyridae (n.n. pro Amphibdella torpedinis of MacCallum, 1919—non Chatin, 1874), 221, 222-3. 
maccallumi (Price, 1943—as _ Diclidophoroides), n. comb.: Diclidophora, Diclidophorinae, 
Diclidophoridae (n. n. pro Diclidophora merlangi of MacCallum, 1917), 480-1, 485. 
maccallumi (Price, 1942—as Neoerpocotyle), n. comb.:  Squalonchocotyle, Hexabothriinae, 
Hexabothriidae, 363, 365. 
macracantha (Meserve, 1938—as Mazocraés), n. comb. : Kuhnia, Mazocraeidae, 395. 
macracanthum Fujii, 1944 : Hexostoma, Hexostomatidae, 506. 
macracanthus (Wegener, 1909—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 211. 
macrocolpa (Lithe, 1906—as Epibdella) (Johnston, 1929: Benedenia (Benedenia) m.) Price, 1939: 
Benedenia, Benedeniinae, Capsalidae, 320. 
macrocotylea (Guiart, 1938—as var. of T'ricotyla cutaneum), n. comb. : Capsala cutanea, Capsalinae, 
Capsalidae (syn. of 7’. cutaneum var. atlantica Guiart, 1938), 298. 7 
macrohystera (Price, 1942—as Erpocotyle), n. comb. : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 
365-6, 368. 
|Macrophylla Kent Hughes, 1928—preoccupied : syn. of Macrophyllida Johnston, 1929], 310. 
Macrophyllida Johnston, 1929: Trochopodinae, Capsalidae (n. n. pro Macrophylla Kent Hughes, 1928 
(preoccupied)), 306, 310-11. 
macroura MacCallum & MacCallum, 1913 : Microcotyle, Microcotylinae, Microcotylidae, 435. 
macrurt (Brinkmann, 1942—as Dactylocotyle), mn.  comb.: Liclidonhow, DiclKionher iat: 
Diclidophoridae, 471, 477, 479-80, 483, 485. 
[maculatum Rud., 1819—as T'ristoma : syn. of Capsala martinieri Bas 1811], 296, 297. 
maculatus Mueller, 1937 : Actinocleidus, Tetraonchinae, Daatglowradee? 218, 219, 220. 
madai (Ishii & Sawada, 1938—as Epibdella), n. comb. : Benedenia, Benedeniinae, Capsalidae, 320. 
[magnronum Ishii, 1936—as Tristoma (misprint for magronwm) : syn. of Capsala magrona ait cm) 
Price, 1938], 300. ila 
magronum (Ishii, 1936—as Tristoma magronum) Price, 1938 (as C. magrona), pesto : Capsala, 
Capsalinae, Capsalidae, 300. ome 
. ory 
major Wagener, 1857 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. req le ; 
major Murray, 1931 : Lamellodiscus, Diplectaninae, Dactylogyridae, 252. jah 


<= 


[major Goto, 1894—as Octocotyle: syn. of Kuhniascombri ae 1829), n.comb.], 30K D, 391, L 
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malleus (Mueller, 1938—as Cleidodiscus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 211, 247. 

malleus (Linstow, 1877—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 211. 

manilensis Tubangui, 1931 : Ancyrocephalus, Tetraonchinae, Dactylogyridae, 229. 

marginata Folda, 1928 : Megalocotyle (type), Trochopodinae, Capsalidae, 309, 310. 

martonis St. Loup, 1885 : Choricotyle, Choricotylinae, Diclidophoridae, 490-1. 

martiniert Bosc, 1811 : Capsala (type), Capsalinae, Capsalidae, 296-7, 298, 299, 300, 301. 

masu Ishii & Sawada, 1938 : Encotyllabe, Encotyllabinae, Capsalidae, 314. 

mavort (Linton, 1940—as Onchocotyle), n. comb. : Squalonchocotyle, Hexabothriinae, Hexabothriidae,. 


366. 

[maximus Layman, 1930—as Octocotyle : nom. nud. ((?) syn. of Kuhnia minor (Goto, 1894), n. comb.)], 
392-3. 

Mazocraeidae Price, 1936: Diclidophoroidea, Polyopisthocotylea, 377, 378, 379, 381-2, 397, 399, 
400, 470. 


Mazocraeoides Price, 1936 : Mazocraeidae, Diclidophoroidea, 382, 395-6. 

Mazocraés Hermann, 1782: Mazocraeidae, Diclidophoroidea, 380, 382-3, 384, 386-7, 388, 389, 392,. 
397, 398, 470, 472, 474, 500, 501, 502. 

[Mazocraes of Southwell & Kirshner, 1937: syn. (partim) of Diclidophora Dies., Discocotyle Dies., 
Choricotyle v. Ben. & Hesse, Heterobothrium Cerf., Mazocraés Herm., and Kuhnia n. gen. (i.e. 
apparently syn. of the whole of Diclidophoroidea)], 384, 392, 394, 395, 400, 401, 469, 470, 474. 

[Mazocriidae Southwell & Kirshner, 1937: apparently co-extensive with Diclidophoroidea Price 1936 
(suppressed, even in the restricted sense, owing to priority of Mazocraeidae Price, 1936)], 381-2,. 
413, 469, 470. 

medius Kathariner, 1894: Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 195, 198. 

[medius of Wegener, 1909—as G'yrodactylus (non of Kathariner, 1894): syn. of Gyrodactylus- 
bychowskyi n. n.], 195. 

mediterranea (Guiart, 1938—as var. of T'ricotyla cutaneum), emend. : Capsala buaned var. mediterranea 
(Guiart, 1938) : Capsalinae, Capsalidae, 298. 

[“‘megacephala (Linstow)”’ of Johnston, 1929—as Capsala: syn. ot Capsala megacotyle (Linstow, 1906)},300. 

[Megacotyle of Price, 1936: misprint for Megalocotyle Folda, 1928], 306, 307, 309. 

megacotyle (Linstow, 1906—as Tristoma) Price, 1938 : Capsala, Capsalinae, Capsalidae, 296, 300. 

[megacotyle Stunkard, 1916—as Polystoma : syn. of Polytosomides coronatus (Leidy, 1888) Price, 1936, 
emend.], 350. 

Megalocotyle Folda, 1928 : Trochopodinae, Capsalidae, Capsaloidea, 306, 307, 309, 310. 

megalonchus (Mueller, 1936—as Leptocleidus) Mizelle & Hughes, 1938: Cleidodiscus, Tetraonchinae,,. 
Dactylogyridae, 230, 232-3. 

megaovum Ozaki, 1936 : Polystomoides, Polystomatinae, Polystomatidae, 351. 

megaspinosus Price, 1939 : Capsala, Capsalinae, Capsalidae, 302. 

megastoma (Wagener, 1857—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 208, 212. 

 melleni (MacCallum, 1927—as Epibdella) (Johnst., 1929: Benedenia (Par Scar ste. m.) Price, 1939 : 
Benedenia, Benedeniinae, Capsalidae, 318, 319, 320, 321. 

meridionalis Bychowsky, 1936 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. 

Merizocotyle Cerf., 1894: Merizocotylinae, Monocotylidae, Capsaloidea, 279, 286, 288, 289, 290, 292, 335.. 


| daria Johnst. & <a ie 1922 : bene Pe eae 194, 279, 286, 288, 289, 290. 


; » 433. 
ngi ( , 1829 (or 1830) ”’—as Octostoma) auctorum : nom. nud.—a false reference], 474. 


"y. Ben, & Hesse, 1863 : Anthceotyle, Anthocotylinae, Discocotylidae, 416, 417, 418. 
americanus MacCallum, 1916—as Anthocotyle : syn, of Anthocotyle merluccii v. Ben. & Hesse, 
ee B 
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merlucit v. Ben. & Hesse 1863—as Udonella : sp. ing. ((?) syn. of Udonella caligorum Johnst., 1835), 266. 
meservei n. n. pro Aine seriolae of Meserve, 1938 (non A. seriolae Ishii, 1936): Heteraxine, 
Microcotylinae, Microcotylidae, 459. 
‘| Mesocotyle Par. & Per., 1889: (?) syn. of Diclidophora Dies., 1850, or more probably, of Choricotyle 
v. Ben. & Hesse, 1863], 473, 476, 487, 489, 492, 493. 
mexicana Meserve, 1938 : Pseudaxine, Gastrocotylinae, Microcotylidae, 465-6. 
_micracanthus (Nybelin, 1937—as Dactylogyrus) Price 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 212. 
\[micracanthus of Massa, 1903—as T'rochopus : misprint for 7’. micrachanthus], 308. 
micrachanthus Massa, 1903 : Trochopus, Trochopodinae, Capsalidae, 308. 
Microbothriidae Price, 1936 : Capsaloidea, Mo.opisthocotylea, 192, 261, 264, 269, 270, 275, 277, 278, 508. 
Microbothriinae Price, 1938 : Microbothriidae, Capsaloidea, 261, 270, 272, 277. 
Microbothrium Olsson, 1869: Microbothriinae, Microbothriidae, Capsaloidea, 270-1, 273, 274, 275, 
276, 278. 
[microcanthus of Massa, 1906—as T'rochopus : misprint for 7’. micrachanthus Massa, 1903], 308. 
[Microcotyla of Ishii, 1936, and Ishii & Sawada, 1938: syn. of Microcotyle v. Ben. & Hesse 1863], 427, 
434, 436, 443, 444. 
microcotylae Chauhan, 1945: Pricea, Gastrocotylinae, Microcotylidae, 469. 
Microcotyle v. Ben. & Hesse, 1863 : Microcotylinae, Microcotylidae, Diclidophoroidea, 331, 381, 422, 
423, 424-6, 434, 438, 442, 468, 501. 
[microcotyle Stunkard, 1916—as Polystoma : syn. of Polystomoides coronatus (Leidy, 1888) Price, 1936], 
350. 
{Microcotyle v. Ben. & Hesse, 1863—syn. (partim) of Gotocotyla Ishii, 1936 ; of Diplasiocotyle Sandars, 
1944 ; of Gonoplasius Sandars, 1944 ; of Microcotyloides Fujii, 1944 ; of Pyragraphorus n. gen. ; 
of Cemocotyle n. gen. ; and of Lithidiocotyle n. gen.], 446, 447, 448, 449, 450, 479. 
nicrocotylea (Guiart, 1938—-as var. of T'ricotyla cutaneum), n. comb.: Capsala cutanea, Capsalinae, 
Capsalidae (syn. : var. mediterranea Guiart, 1938), 298. ; 
Microcotylidae Tasch., 1879: Diclidophoroidea, Polyopisthocotylea, 377, 378, 407, 408, 415, 419, 
422-3, 460, 461, 466, 508. 
Microcotylinae Montic., 1892 : Microcotylidae, Diclidophoroidea, 422, 423-4, 460, 461. 
Microcotyloides Fujii, 1944 : Microcotylinae, Microcotylidae, 446. 
microphallus Mueller, 1938 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. 
microrchis Fukui & Ogata, 1936: Polystomoides, Polystomatinae, Polystomatidae, 345, 351. 
microstoma Brooks, 1934 : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 366, 368. 
{midas Kuhl & Hasselt, 1824—as Polystoma: syn. of Polystomoides ocellatus (Rud., 1819) Ozaki, 
1935, emend. ], 352. 
mimus (Mueller, 1936—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 247. 
miniatus Mizelle & Jaskoski, 1942 : Urocleidus, Tetraonchinae, Dactylogyridae, 247. 
minima Tagliani, in Lo Bianco, 1909 : Hnoplocotyle, Enoplocotylinae, Microbothriidae, 278. 
minima (MacCallum, 1916—as Monocotyle dasybatis minimus (renamed Monocotyle minima by Johnst. 
& Tiegs, 1922), also as T'rionchus dasybatis) Price, 1938, emend.: Heterocotyle, Monocotylinae, 
Monocotylidae, 282. 
minimae Chauhan, 1945: Pricea, Gastrocotylinae, Microcotylidae, 469. 
[minimus MacCallum, 1916 (as subsp. of Monocotyle dasybatis [=Trionchus dasybatis of MacCallum, 
1916]) : syn. of Heterocotyle minima (MacCallum, 1916) Price, 1938, emend.], 281, 282. 
minor (Olss., 1868—as Octobothrium palmatum forma minor), n. comb. : clad apatite Diclidophorinae, 
Diclidophoridae, 481-2. 
[minor Ishii, 1936—as Dactylocotyla [renamed Dactylocotyla thunni Ishii & Sawada, 1938]: syn. of 
Kuhnia thunni (Ishii & Sawada, 1938), n. comb. (non Diclidophora minor (Olss., 1868), n. comb.) Me 


395, 481. 
[minor of Manter, 1926—as Dactylocotyle : (2) syn. of Diclidophora maccallums (Price, 1943), n.com Gh 
481. hag 
minor (Montic., 1888—as Pseudocotyle) Gallien, 1937 : Leptocotyle, Mierobest hein Microbothriidae, 
271, 274-5. i Sala 
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minor (Wagener, 1857—as Dactylogyrus) Price, 1938 : Neodactylogyrus, Dactylogyrinae, Dactylogyridae,. 
212. 

minor (Goto, 1894—as Octocotyle) Sproston, 1945 : Kuhnia, Mazocraeidae, 386, 390, 391, 392, 393, 394, 
395, 403. 

minor Cerf., 1898 (as M. minus), emend.: Merizocotyle, Merizocotylinae, Monocotylidae, 287. 

[minus of Olss., 1876—as Octobothriwm (renaming of Octobothrium palmatum forma minor Olss., 1868) > 
syn. of Diclidophora minor (Olss., 1868), n. comb.], 481. 

minutus Kulwiec, 1927 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206, 212. 

mirabilis (MacCallum, 1918—as Acanthodiscus mirabile) Johnst. & Tiegs, 1922, emend. : 
Protomicrocotyle, Vallisiinae, Discocotylidae, 408, 409-10. 

mirabilis Mueller, 1937 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 230, 232, 233. 

miraletus Rees & Llewellyn, 1941 (nom. nud.) : Rajonchocotyle, Hexabothriinae, Hexabothriidae, 374. 

mitsukurii Goto, 1894 : Calicotyle, Calicotylinae, Monocotylidae, 291, 293. 

mogurndae Yam., 1940 : Haliotrema, Tetraonchinae, Dactylogyridae, 237, 238. 

mollis (Wedl, 1857—as Dactylogyrus) Price, 1938 : Neodactylogyrus, Dactylogy rinae, Dactylogyridae,. 
206, 212. 

molae (Blanchard, 1847—as Tristoma)—(partim) Johnston, 1929 : Capsala, Capsalinae, Capsalidae, 296, 

298, 300-1. 

[molae Blanchard, 1847—as T'ristoma : syn. (partim) of Capsala martinieri Bosc, 1811], 295, 296. 

[molae of v. Ben. & Hesse, 1863—as Tristoma: syn. of Capsala cutanea (Guiart, 1938), n. comb., emend.],. 
296, 298, 300. 

molvae v. Ben. & Hesse, 1863 : Pteronella, Udonellidae—gen. et sp. ing. ((?) syn. of Udonella caligorum 
Johnst., 1835), 266. 

{molvae Cerf., 1896—as Dactylocotyle : syn. of Diclidophora palmata (Leuck., 1830) Dies., 1850], 483. 

molwae Brinkmann, 1940: Linguadactyla, Tetraonchinae, Dactylogyridae, 206, 207, 228, 239. 

[momenteron of Bychowsky, 1929—as Ancyrocephalus: syn. of Tetraonchus monenteron (Wag.)], 216. 

monenteron (Wagener, 1857—as Dactylogyrus) Dies., 1858: Tetraonchus (type), Tetraonchinae,. 
Dactylogyridae, 216-7. 

[Monocoelium Wegener, 1909: syn. of Tetraonchus Dies., 1858], 216. 

Monocotyle Tasch., 1878 : Monocotylinae, Monocotylidae, Capsaloidea, 277, 278, 279-80, 281. 

[ Monocotyle auctorum: syn. (partim) of Cathariotrema Johnst. & Tiegs, 1922; Dasybatotrema Price, 
1936 ; Heterocotyle Th. Scott, 1904 ; and T'ritestis Price, 1936], 280, 281, 282, 287. 

[ Monocotyle of Goto, 1894: syn. of Tritestis Price, 1936], 283. 

[| Monocotyle of MacCallum, 1916: syn. (partim) of Cathariotrema Johnst. & Tiegs, 1922 ; Dasybatotrema 
Price, 1936 ; and Heterocotyle Th. Scott, 1904], 270, 280, 281, 287, 288. 

[Monocotylea Blainv., 1828: syn. of Monopisthocotylea Odh., 1912], 192. 

Monocotylidae Tasch., 1879: Capsaloidea, Monaopisthocotylea, 193, 256, 260, 263, 264, 272, 278-9, 
284, 285, 288, 291, 330, 508. 

{Monocotylidae auctorum : syn. (partim) of Microbothriidae Price, 1936], 265, 269, 270, 271, 272, 275,. 
276, 277, 278, 286, 288, 330, 335, 508. 

Monocotylinae Gamble, 1896 : Monocotylidae, Capsaloidea, 277, 278, 279, 280, 284, 286, 288, 291, 
330, 331, 335. 

[Monocotyloides Johnst., 1934: syn. (partim) of Heterocotyle Th. Scott, 1904; and of Dasybetotrema 
Price, 1936, partim], 280, 281, 282, 283. 

Monogenea Carus, 1863 ; Trematoda, 191, 337, 378, 439. 

[ Monogénéses ” of v. Ben., 1858—vernacular name : syn. of Monogenea Carus, 1863], 191. 

_{Monogenetica Haswell, 1893 : syn. of Monogenea Carus, 1863], 191. 

_ Monopisthocotylea Odhner, 1912 : Monogenea, Trematoda, 191, 192, 264, 330. 

{Monopisthocotylinea of Fuhrmann, 1928 ; syn. of Monopisthocotylea Odhner, 1912], 192. 

lonopisthodiscinea of Fuhrmann, 1928 : syn. of Monopisthocotylea Odhner, 1912], 192. 

eli of Montic., 1905—as Acanthocotyle : misprint for A. monticellit Th. Scott, 1902], 333. 

4 Sta 1939: Nitzschia, Nitzschiinae, Capsalidae (n. n. pro Nitzschia elongata of Montic., 1909), 

313. 
i Cogn de Martiis, 1924 : Ancyrocephalus [?= Urocleidus], Tetraonchinae, Dactylogyridae, 
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monticellit Th. Scott, 1902 : Acanthocotyle, Acanthocotylidae, 331, 333, 334, 335. 

monticellit (Par. & Per., 1895—as Phylline), (Johnst., 1929: Benedenia (Parabenedema) m.), Meserve, 
1938 : Benedenia, Benedeniinae, Capsalidae, 321-2. 

mooret Mizelle, 1940: Urocleidus, Tetraonchinae, Dactylogyridae, 247. 

moorthyi Price, 1938 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 203, 206. 

mormyrt Lorenz, 1878 : Microcotyle, Microcotylinae, Microcotylidae, 435-6, 439. 

morone. (MacCallum, 1913—as Podocotyle) MacCallum, 1913:  Pedocotyle, Choricotylinae, 
Diclidophoridae, 499, 500. q 

morrhuae (v. Ben. & Hesse, 1863—as Pterocotyle), n. comb.: Diclidophora, Diclidophorinae, 
Diclidophoridae, 473, 482. 

mouwot Ishii & Sawada, 1938 (as Microcotyla m.), emend.: Microcotyle, Microcotylinae, Microcotylidae, 
431, 436. 

[mucronatus Mizelle, 1936—as Onchocleidus : syn. of Urocleidus ferox Mueller, 1934], 246, 248. 

muelleri (Meserve, 1938—as Entobdella) Price, 1939: Benedenia, Benedeniinae, Capsalidae, 321,322, 327. 

mugilis Vogt, 1878 : Microcotyle, Microcotylinae, Microcotylidae, 436. 

[mugylis of Sons., 1891—as Microcotyle : misprint for M. mugilis Vogt, 1878], 436. 

multae Chauhan, 1945: Pricea, Gastrocotylinae, Microcotylidae, 469. 

multaetesticulae (Chauhan, 1945—as Cyclocotyla m.), n. comb. : Choricotyle, Diclidophoridae, 491. 

multifalz (Stunkard, 1924—as Polystoma) Ozaki, 1935 : Polystomoides, Polystomatinae, Polystomatidae, 
351-2. 

Murraytrema Price, 1937 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 239-40. 

musteli (MacCallum, 1931—as Acanthonchocotyle m.) Price, 1942: Hexabothrium, Hexabothriinae, 
Hexabothriidae, 360. 

[mydae Kuhl & Hasselt, 1822—as Polystoma: syn. of Polystomoides ocellatus (Rud., 1819) Ozaki, 1935, 
emend.], 352. 

[myliobatt Guberlet, 1936—as Calinella : syn. of Udonella caligorum Johnst., 1835], 268. — 

myliobatis 'Tasch., 1878 : Monocotyle, Monocotylinae, Monocotylidae, 280. 

naevius Caballero & Cerecero, 1941 : Polystoma, Polystomatinae, Polystomatidae, 342. 

nanus Dogiel & Bychowsky, 1934: Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. 

nearcticum (Paul, 1935—as Polystoma integerrimum var. nearcticum) Price, 1939: Polystoma, 
Polystomatinae, Polystomatidae, 341-2. 

nemachili Bychowsky, 1936: Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 199. 

nematocirrus Mueller, 1937 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 233. 

Neodactylogyrus Price, 1938 : Dactylogyrinae, Dactylogyridae, Gyrodactyloidea, 202, 207, 208. 

Neodiplectanum Mizelle & Blatz. 1941: Diplectaninae, Dactylogyridae, Gyrodactyloidea, 249, 250, 
254-5. 

[Neoerpocotyle Price, 1942: syn. of Squalonchocotyle Cerf., 1899, partim], 361, 363, 364, 365, 366, 
367, 368. 

[Neoheterobothrium Price, 1943: syn. (partim) of Heterobothriwm Cerf., 1899; and of Choricotyle 
v. Ben. & Hesse, 1863], 381, 486, 487, 490, 492, 499. 

neomaenis (MacCallum, 1i1917—as Diclidophora) Raecke, 1945: Hchinopelma, Choricotylinae, 
Diclidophoridae, 488, 489, 491, 495. 

Neomazocraes Price, 1943: Mazocraeidae, Diclidophoroidea, 382, 397-8, 400. 

Neopolystoma Price, 1939 : Polystomatinae, Polystomatidae, Polystomatoidea, 339, 344. 

nigromaculaius Lee, 1936 : Diplorchis, Polystomatinae, Polystomatidae; 344. 

nipponicum Goto, 1891 : Diplozoon, Discocotylinae, Discocotylidae, 406-7. Pe 

Nitzschia Baer, 1826: Nitzschiinae Capsalidae, Casaloidea (non of Denny, 1842—an insect an 
268, 311, 312, 316. 

[Nitzschia of Linton, 1898: syn. of Udonella Johnst., 1835], 265, 266, 267, 268, 312, 

[Nitzschia auctorum, partim : syn., partim, of Endobdella Blainv., 1818], 312. 

[Nitschia of Haswell, 1892 : misprint for Nitzschia Baer, 1826], 312. 

Nitzschiinae Johnst., 1931 : Capsalidae, Capsaloidea, 312. 

nordmannt Dies., 1850: Encotyllabe, Encotyllabinae, Capsalidae, 314. 2 of 

nototheniae Johnst., 1931 : Pseudobenedenia, Benedeniinae, Capeallaaay 328. ‘a 

nozawae (Goto, 1894—as T'ristoma) Price, 1938 : Capsala, Ret Capsalida 
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nybelini (Markewich, 1933—as Dactylogyrus) Price, 1938: N eodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 212. 

oblonga (Wright, 1879—as Polystoma oblongum) Price, 1939; emend.: Polystomoidella, Polystomatinae, 
Polystomatidae, 348, 349, 354. 

[oblongum of Leidy, 1888—as Polystoma : syn. of Neopolystoma orbiculare (Stunkard, 1916) Price, 1939], 
344. 

____[oblongum of Caballero, 1938—as Polystoma (Polysiomoides) 0. : syn. of Polystomoidella whartoni Price, 
1939 (and of Caballero, 1940)], 348, 349. 

ocadiae Fukui & Ogata, 1936 : Polystomoides, Polystomatinae, Polystomatidae, 352. 

ocellatus (Rud., 1819—as Polystoma ocellatum) Ozaki, 1935; emend.: Polystomoides, Polystomatinae, 
Polystomatidae, 340, 352, 502. 

[Octobothria Troschel, 1853: syn. of Polyopisthocotylea Odh., 1912], 336. 

{Octobothrii E. Blanchard, 1847 : syn. of Polyopisthocotylea Odhner, 1912], 336, 501. 

[Octobothriidae Tasch., 1879 : syn. of Diclidophoroidea, Price, 1936], 381, 501. 

[Octobothrinae Montic., 1903 : syn. (partim) of Mazocraeidae Price, 1936, and of Discocotylinae Price, 
1936 ; also as Octobotrinae], 407. 

[Octobothridae Montic., 1888 : misprint for Octobothriidae Tasch., 1879], 381. 

[Octobothrium Leuck., 1827: syn. of Mazocraeidae Price, 1936 ; Discocotyle Dies., 1850 ; Diclidophora 
Dies., 1850; and, according to Leuck., 1842, Cyclocotyla Otto, 1823 (non Octobothrium of Dies., 
1850—a genus of cestodes)], 379, 380, 381, 382, 383, 384, 385, 386, 387, 389, 390, 392, 395, 401, 
403, 418, 469, 470, 472, 473, 474, 475, 476, 477, 478, 479, 481, 482, 485, 488, 492, 493, 500, 501, 506. 

[Octocolyte of Montic., 1888 : misprint for Octocotyle Dies., 1850.] 

[Octocotyle Dies., 1850: syn. (partim) of Mazocraés Herm., 1782; Kuhnia n. g.; Discocotyle Dies., 
1850 ; Diclidophora Dies., 1850; Onchocotyle Dies., 1850; Rajonchocotyle Price, 1940; Vallisia 
Par. & Per., 1890 ; and Hexostoma Raf., 1815], 382, 383, 384, 385, 389, 390, 392, 395, 408, 470, 473, 
475, 476, 502, 506, 507. 

[Octocotyle of Par., 1894: syn. of Hexostoma Raf., 1815.] 

[Octocotylidae v. Ben. & Hesse, 1863 : syn. of Polyopisthocotylea Odh., 1912, partim], 378, 381, 387, 
396, 399, 404, 407, 410, 416, 469, 474, 486, 501. 

[“ Octocotylides ” auctorum—vernacular name : syn. of Polyopisthocotylea Odhner, 1912, partim.] 

[Octocotylinae Braun. 1893 : syn. of Diclidophoroidea Price, 1936], 387, 404, 407, 411, 416. 

[Octodactylus Dalyell, 1853 : syn. of Diclidophora Dies., 1850], 471, 472, 473, 474, 482, 483. 

Octomacrum Mueller, 1934 : Discocotylinae, Discocotylidae, Diclidophoroidea, 400, 403, 404. 

Octoplectanocotyla Yam., 1937 : Plectanocotylinae, Discocotylidae, Diclidophoroidea, 410, 414. 

[Octoplectanum Dies., 1858: syn. of Diclidophora Dies., 1850, partim; and of Mazocraeidae Price, 
1936, partim], 382, 383, 385, 387, 388, 390, 400, 473, 483, 498. 

[Octostoma Otto, 1823: syn. of Cyclocotyla Otto, 1823 (non ca alle of Kuhn, 1829=Mazocraeidae 
(by actual usage))], 382, 383, 500, 501. 

[Octostoma of Kuhn, 1829: syn. of Diclidophoroidea Price, 1936 (in effect)], 356, 382, 384, 385, 388, 
389, 472, 474, 475, 500. 

oculatus (Mueller, 1934—as Cleidodiscus) Mueller, 1937: Actinocleidus, Tetraonchinae, Dactylogyridae, 
217, 220. 

Oculotrema Stunkard, 1924 : Polystomatinae, Polystomatidae, Polystomatoidea, 339, 346. 

- okeechobeensis Mizelle & Seamster, 1939: Actinocleidus, Tetraonchinae, Dactylogyridae, 220. 
[Oligocotylea Montic., 1903 : syn. of Monopisthocotylea Odhner, 1912], 192. 

; pe eeriisie (Meserve, 1938—as Avine), n. comb. : Axinoides, Microcotylinae, Microcotylidae, 456-7. 
¢ chis Alvey, 1933: Sphyranura, Sphyranurinae, Polystomatidae, 353, 354. 


acanthus Massa, 1906 : T'rochopus, Trochopodinae, Capsalidae, 309. 

ocotyle (Setti, 1899—as T'ristoma) Price, 1938 : Capsala, Capsalinae, Capsalidae, 296, 300, 301. 
idus Mueller, 1936: syn. of Urocleidus Mueller, 1934], 234, 242, 243, 244, 246, 247, 248, 249. 
tilinae Cerf., 1899 (misprint for Onchocotylinae Cerf., 1899): syn. of Hexabothriinae Price, 
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[Onchocotyle auctorum (partim) : syn. of Squalonchocotyle Cerf., 1899 ; and of Rajonchocotyle Cerf., 1899],. 
355, 361, 363, 370, 372, 374. 

[Onchocotylidae Montic., 1903 : syn, of Hexabothriidae Price, 1942], 338, 355, 360, 361, 375, 379. 

{Onchocotylinae Cerf., 1899 : syn. of Hexabothriinae Price, 1942], 355. 

fopacum Stunkard, 1916—as Polystoma : syn. of Polystomoides coronatus (Leidy, 1888) Price, 1936],. 
346, 350. 

Ophicotyle v. Ben. & Hesse, 1863 : Mazocraeidae, Diclidophoroidea—gen. inq., 384, 386. 

[Ophiocotyle of Sprehn, 1933: syn. of Ophicotyle v. Ben. & Hesse, 1863], 386. 

[Ophycotyle of Montic., 1888 : misprint for Ophicotyle v. Ben. & Hesse, 1863], 386. 

forata MacCallum, 1936—as Philura : syn. of Microbothriwm apiculatum Olsson, 1869], 271. 

orbiculare (Stunkard, 1916—as Polystoma) Price, 1939 : Neopolystoma, Polystomatinae, Polystomatidae,. 
344, 345, 346, 348. 

orchis (Mueller, 1938—as Dactylogyrus) Price, 1938 : Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 
212. 

oris Paul, 1938 : Polystomoides, Polystomatinae, Polystomatidae, 352. 

forphii v. Ben. & Hesse, 1863—as Avine : syn. of Axine belones Abild., 1794], 452. 

osleri Wright, 1879 : Sphyranura, Sphyranurinae, Polystomatidae, 353, 354. 

ovalis (Goto, 1894—as T'ristoma ovale) Price, 1938 (as C. ovale); emend.: Capsala, Capsalinae,. 
Capsalidae, 299, 301. 

ovata (Goto, 1894—as H'pibdella) (Johnst., 1929 : Benedenia (Parabenedenia) o.), Price, 1939 : Benedenia, 
Benedeniinae, Capsalidae, 318, 320, 322. 

ovata Guberlet, 1936 : Rajonchocotyle, Hexabothriinae, Hexabothriidae, 374. 

ovicola Brandes, 1894: Fridericianella, Calceostomatidae, 262. 

ozakii Price, 1939: Polystoma, Polystomatinae, Polystomatidae ; (—=Polystoma integerrimum of Ozaki,. 
1935), 341, 342, 343. 

pacifica Guberlet, 1936 : Acanthocotyle, Acanthocotylidae, 331, 332, 333-4, 335. 

pacifica (Guberlet, 1936—as Epibdella) Price, 1938 : Benedenia, Benedeniinae, Capsalidae, 322. 

pacifica Meserve, 1938 : Promicrocotyle, Vallisiinae, Discocotylidae, 409, 410. 

pagelli (Gallien, 1937—as Diclidophora) Llewellyn, 1941: Choricotyle, Choricotylinae, Diclidophoridae,. 
488, 491. ; 

pagelli v. Ben. & Hesse, 1863 : Encotyllabe, Encotylabinae, Capsalidae, 314. 

pagrosomi (Ishii & Sawada, 1938—as Hpibdella) Price, 1939 : Benedenia, Benedeniinae, Capsalidae, 322.. 

pagrosomi MacCallum, 1917 : Encotyllabe, Encotyllabinae, Capsalidae, 314-15. 

pagrosomi Murray, 1931 : Lamellodiscus, Diplectaninae, Dactylogyridae, 253. 

pagrosomi Murray, 1931 : Microcotyle, Microcotylinae, Microcotylidae, 436, 444. 

palmata (Leuckart, 1830—as Octobothrium palmatum) Dies., 1850: Diclidophora, Diclidophorinae, 
Diclidophoridae, 381, 400, 470, 471, 472, 473, 481, 482-4. 

pancerii Sons., 1891 : Microcotyle, Microcotylinae, Microcotylidae, 436-7, 447. 

[papillosa Linton, 1898—as Nitzschia : syn. of Udonella caligorum Johnst., 1835], 266, 267, 268. 

papillosum Dies., 1836 : Tristoma, Capsalinae, Capsalidae, 296, 297, 304, 305. 

[Parabenedenia Johnst., 1929, (as subgen. of Benedenia): syn. of Benedenia Dies., 1858], 316, 318, 320,. 
321, 322, 323. 

[Paracotyle Johnstone, 1911: syn. of Leptocotyle Montic., 1904; status emend., Gallien, 1937], 273, 274, 
275, 276. 

[Paracotylinae Southwell & Kirshner, 1937 : syn. of Microbothriinae Price, 1938], 270. 

paradoxica Meserve, 1938 : Thoracocotyle, Gastrocotylinae, Microcotylidae, 467. 

paradoxum Nordm., 1832 : Diplozoon, Discocotylinae, Discocotylidae, 404, 405; 406, 509. 

paradoxus Crepl., 1839: Ancyrocephalus (type), Tetraonchinae, Dactylogyridae [non of Cooper,.. 
1915=Cleidodiscus megalonchus (Mueller, 1936) Mizelle & Hughes, 1938], 227, 228, 232-3. 

(?) paradocus (Crepl., 1839—as Ancyrocephalus) Dogiel & Bychowsky, 1934:  Dactylogyrus € 
Dactylogyrinae, Dactylogyridae (assigned to this position in error ?), 206 my 

[Paramonocotyle Johnst., 1934 : syn. of Cathariotrema Johnst. & Tiegs, 1922], 287, 288. 

Parancyrocephaloides Yani 1938 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 24, 

Parapolystoma Ozaki, 1935 : Polystomatinae, Polystomatidae, Polystomatoidea, 339, 347. i 

parasillaginae Sandars, 1944 : Microcotyle, Microcotylinae, Microcotylidae, 433, 437. 
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— parasiluri Yam., 1937 : Ancylodiscoides, Tetraonchinae, Dactylogyridae, 225, 226. 

_ [Parepibdella Johnst., 1929, (as subgen. of Entobdella Blainv.): syn. of Entobdella Blainv., 1818}, 316, 325. 

paronae Montic., 1907 : Encotyllabe, Encotyllabinae, Capsalidae, 315. 

— parvicirrus Mizelle & Jaskoski, 1942 : Urocleidus, Tetraonchinae, Dactylogyridae, 244, 246, 248. 

 parvicopula Bychowsky, 1933 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 195, 199. 

parvus Linton, 1940: Ancyrocephalus, Tetraonchinae, Dactylogyridae, 229. 

_——- parvus Bychowsky, 1936 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 199. 

parvus (Wegener, 1909—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 212. 

pastinacae Th. Scott, 1904 : Heterocotyle (type), Monocotylinae, Monocotylidae, 281, 282, 283. 

pedatum (Wagener, 1857—as Dactylogyrus pedatus) Dies., 1858: Diplectanum, Diplectaninae, 
Dactylogyridae, 252 

[pedatus Dies., 1836—as Heteracanthus : syn. of Axine belones Abild., 1794], 452. 

Pedocotyle MacCallum, 1913 : Choricotylinae (?), Diclidophoridae, Diclidophoroidea, 499. 

pelamydis (Tasch., 1878—as Trristoma) Price, 1938 : Capsala, Capsalinae, Capsalidae, 296, 301. 

‘pentapodi Sandars, 1944: Microcotyle, Microcotylinae, Microcotylidae, 437, 444. 

perdix (Mueller, 1937—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 248. 

perlus (Mueller, 1938—as Dactylogyrus) Price, 1938 : Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 
212. 

perugiai (Setti, 1898—as Tristoma) Price, 1938 : Capsaloides, Capsalinae, Capsalidae, 302. 

[Philura MacCallum, 1926: syn. of Microbothrium Olsson, 1869], 270, 271. 

[Philuridae MacCallum, 1926: syn. of Microbothriidae Price, 1936, partim], 270. 

{Philurinae MacCallum, 1926 : syn. of Microbothriinae Price, 1938, partim], 270. 

photogenis (Mueller, 1938—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 213. 

phycidis (Par. & Per., 1889--as Dactylocotyle),n. comb. : Diclidophora, Diclidophorinae, Diclidophoridae, 
480, 484. 

[phycidis of Stafford, 1904—as Dactylocotyle : syn. of Diclidophora maccallumi (Price, 1943), n. comb.], 
481. 

[Phylline Oken, 1815: syn. (partim) of Capsala Bosc, 1811; and of Entobdella Blainv., 1818 (non of 
Abild., 1790)], 295, 296, 297, 316, 317, 320, 323, 324, 325, 326. 

[Phyllinz of Abild., 1790—a gen. of cestodes (non Phylline Oken, 1815)], 323. 

[Phylline of Kroyer: syn. of Udonella Johnst., 1835], 265. 

[Phyllinidae Johnst., 1846 : syn. of Capsalidae Baird, 1853], 294. 

[Phyllocotyle v. Ben. & Hesse, 1863 : syn. of Plectanocotyle Dies., 1850], 410, 411, 412, 413. 

[Phyllonella v. Ben. & Hesse, 1863 : syn. of Entobdella Blainv., 1818 (non of MacCallum, 1927)], 316, 
317, 323, 324, 325, 326, 327. 

[Phyllonella of MacCallum, 1927 : syn. of Benedenia Dies., 1858], 317, 324. 

pilchardi (v. Ben. & Hesse, 1863—as Octocotyle), n. comb. : Mazocraés, Mazocraeidae, 385. 

pinguis (Linton, 1940—as Diclidophora), n. comb. : Choricotyle, Choricotylinae, Diclidophoridae, 491, 
495. 

pini (v. Ben. & Hesse, 1863—as Placunella) Massa, 1903 : T'rochopus, Trochopodinae, Capsalidae, 309. 

[pini of Th. Scott, 1901—as Trochopus : syn. of Trochopus diplacanthus Massa, 1903}, 308. 

[Piplorchis of Ozaki, 1935: misprint for Diplorchis Ozaki, 1931], 343. 

a. Dies., 1858 : syn. of Discocotyle Dies., 1850], 400. 

cunella v. Ben. & Hesse, 1863: syn. of Trochopus Dies., 1850], 306, 307, 308, 309. 

[P an nella of Par. & Per., 1895: syn. of Ancyrocotyle Par. & Mont., 1903], 328. 

[Plagiopeltinae Montic., 1903 : syn. of Hexostomatidae Price, 1936], 501. 

peltis Dies., 1850: syn. of Hexostoma Raf., 1815], 501, 502, 503. 

of Braun, 1790: syn. of Polystoma Zeder, 1800], 339, 340. 

v. Ben. & Hesse, 1863 : syn. of Plectanocotyle Dies., 1850], 411. 
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Plectanocotyle Dies., 1850: Plectanocotylinae, Discocotylidae, Diclidophoroidea, 399, 410, 411, 412, 
413, 416, 471. 

Plectanocotylinae Montic., 1903 : Discocotylidae, Diclidophoroidea, 399, 410-11, 414, 467, 501. 

[Plectanophorus Dies., 1858 : syn. of Plectanocotyle Dies., 1850], 411. 

[Pleurocotylus Gervais & v. Ben., 1859—also “ Pleurocotyle ”’—its vernacular equivalent: syn. of 
Grubea Dies., 1858], 387, 388, 389, 485. 

[Pleurocotylidae Montic., 1903: syn. of Mazocraeidae Price, 1936, partim], 387, 410. 

[Pleurocotylinae Montic., 1903: syn. of Grubea Dies., 1858], 387. 

[plewrovitellum MacCallum, 1916—as Dipiectanum: syn. of Diplectanum balistes (MacCallum, 1915) 
Price, 1937], 235. 

[Podarcella Giard, 1889 : syn. of Udonella Johnst., 1835], 265, 266. < 

[Podocotyle MacCallum, 1913: syn. of Pedocotyle MacCallum, 1913 (non Podocotyle Duj., 1845—a gen. 
of digenetic trematodes)], 499. 

poeyt (Vigueras, 1935—as T'ristoma) Price, 1938 : Capsala, Capsalinae, Capsalidae, 302. 

pogoniae MacCallum, 1913 : Microcotyle, Microcotylinae, Microcotylidae, 437, 438. 

[pollachi of Montic., 1888—as Dactycotyle : syn. of Diclidophora pollachii (v. Ben. & Hesse, 1863) Price, 
1943], 485. 

pollachiti (v. Ben. & Hesse, 1863—as Dactycotyle) Price, 1943: Diclidophora, Diclidophorinae, 
Diclidophoridae, 471, 474, 484-5. 

[pollachii v. Ben. & Hesse, 1863—as Udonella—sp. ing. : (?) syn. of Udonella caligorum Johnst., 1835], 
266, 267. 

pollex Mizelle & Donahue, 1944 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. 

[Polycotyla Blainv., 1828: syn. of Polyopisthocotylea Odhner, 1912], 336. 

[Polycotylea Dies., 1850: syn. of Polyopisthocotylea Odhner, 1912], 336. 

polynemi MacCallum, 1917 : Microcotyle, Microcotylinae, Microcotylidae, 437. 

Polyopisthocotylea Odhner, 1912: Monogenea, Trematoda, 191, 192, 330, 336, 377, 379. 

[Polyopisthocotylinea of Fuhrmann, 1928 : syn. of Polyopisthocotylea Odhner, 1912], 336. 

polyorchis Alvey, 1936: Sphyranura, Sphyranurinae, Polystomatidae, 354-5. 

Polystoma Zeder, 1800: Polystomatinae, Polystomatidae, Polystomatoidea, 191, 339-40, 341. 

[Polystoma auctorum: syn., partim, of Hexabothrium Nordm., 1832; Squalonchocotyle Cerf., 1899 ; 
Rajonchocotyle Cerf., 1899 ; and Hexostoma Raf., 1815], 339, 340, 341, 344, 349, 356, 363, 364, 
388, 500, 502, 503. 

[Polystoma of Kuhn, 1829: syn. of Hexabothrium Nordm., 1832], 356. 

[Polystoma of Duj., 1845, partim : syn. of Diclybothrium Leuck., 1835], 375. 

Polystomatidae Gamble, 1896 : Polystomatoidea, Polyopisthocotylea, 338-9, 353, 379. 

[Polystomatidae auctorum, partim : syn. of Diclidophoroidea Price, 1936], 355. 

Polystomatinae Gamble, 1896 : Polystomatidae, Polystomatoidea, 339. 

Polystomatoidea Price, 1936 : Polyopisthocotylea, Monogenea, 193, 330, 336, 338, 377, 379. 

[Polystomereae Tasch., 1879 : syn. of Polyopisthocotylea Odh., 1912], 336, 501. 

[Polystomida Vogt, 1851: syn. of Polyopisthocotylea Odh., 1912], 336. 

[Polystomidae auct. : syn. of Polystomatidae Gamble, 1896], 338, 353. 

[Polystominae Pratt, 1900: syn. of Polystomatinae Gamble, 1896], 339. A 

Polystomoidella Price, 1939 : Polystomatinae, Polystomatidae, Polystomatoidea, 339, 344, 348, 349. 

Polystomoides Ward, 1917—as subgen. of Polystoma—status emend. Stunkard, 1924 : Polystomatinae, 
Polystomatidae, Polystomatoidea, 339, 344, 345, 346, 348, 349-50. 

[Polystomum auctorum : syn. of Polystoma Zeder, 1800], 339, 340, 341, 363, 364, 368. 

pomacanthi MacCallum, 1915 (as M. pomocanthi), emend. : Microcotyle, Microcotylinae, 2 
Microcotylidae, 437-8. - 

pomatomi Goto, 1899 : Microcotyle, Microcotylinae, Microcotylidae, 438. 

poronoti MacCallum, 1915 : Microcotyle, Microcotylinae, Microcotylidae, 438-9. 

prenanti (St. Remy, 1890—as Onchocotyle) Cerf., 1899 : Rajonchocotyle, Hexabothriinae, Hexabothriidae, ’ 
362, 372, 374. a 

priacanthi Meserve, 1938 : M icrocotyle, Microcotylinae, Microcotylidae, 430, 432, 436, 439, 440. sella ; 

Pricea Chauhan, 1945 : Gastrocotylinae, Microcotylidae, Diclidophoroidea, 461, 469. ; 

pricei Mueller, 1936 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 230, 232, 233. 
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principalis (Mizelle, 1936—as Onchocleidus) Mizelle, 1938 : Urocleidus, Tetraonchinae, Dactylogyridae, 
248. 
prionott (MacCallum, 1917—as Diclidophora) Llewellyn, 1941: Choricotyle, Choricotylinae, 
Diclidophoridae, 401, 490, 491-2. 
pristiuri (Gallien, 1937—as Pseudobothrium) Gallien, 1937:  Leptobothrium, Microbothriinae, 
Microbothriidae, 273. 
procax Mizelle & Donahue, 1944 : Urocleidus, Tetraonchinae, Dactylogyridae, 248. 
[producta Linstow, 1903—as Hpibdella : syn. of Entobdella soleae (v. Ben. & Hesse, 1863) Johnst., 1929],. 
326. e 
propinquus (Bychowsky, 1931—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 213. 
Protogyrodactylidae Johnst. & Tiegs, 1922 : Gyrodactyloidea, Monopisthocotylea, 192, 193, 199-200. 
Protogyrodactylus Johnst. & Tiegs, 1922 : Protogyrodactylidae, Gyrodactyloidea, 200. 
Protomicrocotyle Johnst. & Tiegs, 1922: Vallisiinae, Discocotylidae, 284, 407, 408-9, 420, 509. 
[Protomicrocotylidae Poche, 1926: syn. of Protomicrocotyle Johnst. & Tiegs, 1922], 408, 422. 
" [Protomicrocotylinae Johnst. & Tiegs, 1922: syn. of Protomicrocotyle Johnst. & Tiegs, 1922], 408, 508. 
| Pseudaxine Par. & Per., 1890: Gastrocotylinae, Microcotylidae, Diclidophoroidea, 422, 423, 461, 463, 
464. 

Pseudobenedenia Johnst., 1931 : Benedeniinae, Capsalidae, Capsaloidea, 316, 318, 327-8, 329. 
[Pseudobothriwm of Gallien, 1937: syn. of Leptobothrium Gallien, 1937 (non Pseudobothrium Guiart, 
1935—a cestode genus)], 272, 274. ; 

[Pseudocodyle of Tasch., 1879: misprint for Pseudocotyle v. Ben. & Hesse, 1863.] 

Pseudocotyle v. Ben. & Hesse, 1863: Pseudocotylinae, Microbothriidae, Capsaloidea, 263, 271, 274, 
275, 276, 278. 

[Pseudocotyle auctorum : syn., in part, of Microbothrium Olss., 1869 ; Leptocoiyle Montic., 1904 ; status 
emend., Gallien, 1937], 270, 271, 272, 273, 274, 275. 

Pseudocotylinae Montic., 1903 : Microbothriidae, Capsaloidea, 261, 270, 272, 275-6, 278. 

[Pseudoctocotyla Yam., 1938 : syn. of Mazocraeoides Price, 1936], 395, 396, 397. 

[Pseudoxine of Chauhan, 1945: syn. of Pseudaxine Par. & Per., 1890], 465. 

[Pseudomerizocotyle Kay, 1942 : syn. of Thauwmatocotyle Th. Scott, 1904], 286-7, 289, 290. 

[Pterocleidus Mueller, 1937 : syn. of Urocleidus Mueller, 1934], 242, 243, 244, 245. 

[Pterocotyle v. Ben. & Hesse, 1863 : syn. of Diclidophora Dies., 1850], 473, 474, 482, 483. 

[Pteronella v. Ben. & Hesse, 1863—gen. ing. : (?) syn. of Udonella Johnst., 1835], 264, 265, 266. 

pugetensis Guberlet, 1936 : Acanthocotyle, Acanthocotylidae, 331, 332, 333, 334, 335. 

pugetensis Kay, 1942: Merizocotyle, Merizocotylinae, Monocotylidae, 287. 

puntit Buschkiel, 1930 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. 

Pyragraphorus n. gen. : Microcotylinae, Microcotylidae, Diclidophoroidea, 424, 449, 

pyragraphorus (MacCallum & MacCallum, 1913—as Microcotyle), n. comb.: Pyragraphorus, 
Microcotylinae, Microcotylidae, 449, 450. 

pyriforme Johnst. & Tiegs, 1922 : Hmplewrosoma, Tetraonchinae, Dactylogyridae, 236. 

quadratus Jobnst. & Tiegs, 1922 : Protogyrodactylus, Protogyrodactylidae, 200. 

raiae (MacCallum, 1916—as Acanthocotyle) Johnst. & Tiegs, 1922: Hmpruthotrema, Merizocotylinae,. 


Monocotylidae, 289. 
Rajonchocotyle Cerf., 1899 : Hexabothriinae, Hexabothriidae, Polystomatoidea, 355, 356, 359, 361, 


362, 364, 366, 369-70. 
[Rajonchocotylinae Price, 1942 : syn. of Hexabothriinae Price, 1942, partim (sensu emend.)], 355, 356, 


370. 
[Rajonchocotyloides Price, 1940: syn. of Rajonchocotyle Cerf., 1899, partim], 355, 361, 369, 370, 371, 


372, 373, 
ramulosus (Malevitskaja, 1941—as Dactylogyrus), n. comb.: Neodactylogyrus, Dactylogyrinae, 


Dactylogyridae, 213. 
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rarus Wegener, 1909 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 199. 

recurvatus Mizelle & Donahue, 1944 : Actinocleidus, Tetraonchinae, Dactylogyridae, 220. 

remorae (MacCallum, 1916—as Acanthodiscus) Price, 1938: Dionchus, Dionchinae, Monocotylidae, 
284, 285. 

reticulata Goto, 1894 : Microcotyle, Microcotylinae, Microcotylidae, 430, 439, 441, 442, 501. 

reynoldsi Frayne, 1943 : Choricotyle, Choricotylinae, Diclidophoridae, 490, 492. 

Rhabdosynochus Mizelle & Blatz, 1941: Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 224, 
241, 254. 

rhabdosynochus Mizelle & Blatz, 1941 : Rhabdosynochus (type), Tetraonthinae, Dactylogyridae, 241, 242. 

rhacophori Yam., 1936 : Polystoma, Polystomatinae, Polystomatidae, 343. 

[Rhadbdosynochus of Mizelle & Blatz, 1941: misprint for Rhabdosynochus Mizelle & Blatz, 1941], 241. 

rhombi (v. Ben. & Hesse, 1863—as Placunella) Price, 1939 : Megalocotyle, Trochopodinae, bigs 
309. 

richiardii Sons., 1890 : Anoplodiscus (type), Calceostomatidae, 261. 

robusta (Johnst. & Tiegs, 1922—as Monocotyle) Price, 1938 : Heterocotyle, Monocotylinae, Monocotylidae, 
281, 283. 

robustum (Murray, 1931—as Ancyrocephalus robusta) Price, 1938 (as M. robusta), emend. : Murraytrema, 
Tetraonchinae, Dactylogyridae, 240. 

robustus Mueller, 1934 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 230, 231. 

robustus Malevitskaja, 1941 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206. 

[rotundum Goto, 1894—as Tristoma : syn. of 7’. integrum Dies., 1859 (sensu Price, 1936)], 305. 

rubellus (Mueller, 1938—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 213. 

[rudolphiana Dies., 1850—as Tristoma: syn. of Capsala martiniert Bose., 1811 (non rudolphianum of 
Leidy, 1890)], 297, 303. 

[rudolphianum of Leidy, 1890—as Tristoma : syn. of Capsala cutanea (Guiart, 1938), n. comb., emend.], 
296, 298. 

[rudolphianum of Linton, 1898—as Tristomum : syn. of Capsala molae (Blanchard, 1847)], 301. 

rugosum (MacCallum, 1916—as Polystoma rugosa) Price, 1939, emend. : Neopolystoma, Polystomatinae, 
Polystomatidae, 346. 

sagittata (Leuck., 1842—as Octobothrium sagittatum) Dies., 1850 : Discocotyle, Discocotylinae, Disco- 
cotylidae, 381, 400, 401-2, 403, 413. 

[sagittatum of Wright, 1879—as Octobothrium : syn. of Octomacrum lanceatum Mueller, 1934], 400 

[sagittatus Dies., 1836—as Heteracanthus : syn. of Axine belones Abild., 1794], 452. 

salmonis Schaffer, 1916 : Dziscocotyle, Discocotylinae, Discocotylidae, 398, 401, 402-3, 404. 

salpae Par. & Per., 1890 : Microcotyle, Microcotylinae, Microcotylidae, 439-40. 

salpinggoides MacCallum, 1917: Loimos (type), Loimoinae, Monocotylidae, 285, 286, 508. 

[sanguinea Blainv., 1828—as Capsala : syn. of Capsala martinieri Bosc., 1811], 297. 

sargi Par. & Per., 1889 : Microcotyle, Microcotylinae, Microcotylidae, 439, 440. 

[sargit of Par. & Per., 1890—as Microcotyle : syn. of M. sargi Par. & Per., 1889], 440 

sawara Ishii, 1936 : Gotocotyla, Microcotylinae, Microcotylidae, 448. 

[scaphiopi Rodgers, 1941—as Diplorchis : emended form D. scaphiopodis Rodgers, 1941], 344 

scaphiopodis Rodgers, 1941 (emended form of name): Diplorchis, Polystomatinae, Polystomatidae, 
344. 

scapularis Mizelle & Donahue, 1944: Actinocleidus, Tetraonchinae, Dactylogyridae, 220. 

sciaenae (v. Ben., 1852—as Epibdella) Odhner, 1905: Benedenia, Benedeniinae, Capsalidae, 317-18, 
320, 323. f 

sciaenae Yam., 1940 : Calceostoma, Calceostomatidae, 259. re 

sciaenae v. Ben. & Hesse, 1863 (as sctoenae) emend : Diplectanum, Diplectaninae, Dactylogyridae, 252. 

sciaenae Goto, 1894: Microcotyle, Microcotylinae, Microcotylidae (non M. sciaenae of Murray, 
1931=M. sciaenicola Murray, 1932), 439, 440, 445. : 

[sciaenae of Murray, 1931—as Microcotyle : syn. of M. sciaenicola Murray, 1932], 440. eee 4 

[sciaenae v. Ben. & Hesse, 1863 : Udonella—sp. inq. : (?) syn. of Udonella caligorum Johnst., 185.206 

sciaenicola Murray, 1932: Microcotyle, Microcotylinae, Microcotylidae (M. sciaenae | of M Murr 
renamed), 440. 
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. f, [scioenae v. Ben. & Hesse, 1863—as Diplectanum : emended to D. sciaenae], 252. 
scoliodoni (Manter, 1938—as T'ricotyle) Manter, 1944 : Loimos, Loimoinae, Monocotylidae, 263, 508. 
r seombri (Kuhn, 1929—as Octostoma), n. comb.: Kuhnia, Mazocraeidae, 269, 382, 383, 384, 386, 387,. 
a 388, 389, 390, 391, 393, 394, 395, 397, 398, 402, 413, 423, 500. 
4+. [soombri of Grube, 1855—as Tetracotyle : syn. of Grubea cochlear Dies., 1858], 387, 388, 485. 
a _ scorpis Sandars, 1944 : Microcotyle, Microcotylinae, Microcotylidae, 439, 440-1, 442. 
-_ scutatus (Mueller, 1938—as_ Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
ma) Dactylogyridae, 213. } 
_ [seymni ainosi of Wagener, 1857—as Polystoma : nom. nud—probably Squalonchocotyle sp.], 356, 364. 
sebastis Goto, 1894 : Microcotyle, Microcotylinae, Microcotylidae, 437, 438, 441. 
_ sebastodis (Yam., 1934—as E’pibdella) Meserve, 1938 : Benedenia, Benedeniinae, Capsalidae, 322. 
seculus Mizelle & Arcadi, 1945 : Urocleidus, Tetraonchinae, Dactylogyridae, 249. 
secundus (Chauhan & Bhalerao, 1945—as Tricotyle) Chauhan & Bhalerao, 1945 : Loimos, Loimoinae, 
Monocotylidae, 508. 
sekit (Yam., 1937—as Epibdella (Epibdella) s.) Meserve, 1938: Benedenia, Benedeniinae, Capsalidae, 
323. 
selachii (MacCallum, 1916—as Monocotyle) Johnst. & Tiegs, 1922: Cathariotrema (type), Merizocotylinae, 
Monocotylidae, 288. 
semicossyphi Yam., 1938 : Cyclobothriwm, Choricotylinae, Diclidophoridae, 494-5. 
_seriolae (Ishii, 1936—as Azine) Yam., 1938; status emend.:  Heteraxine, Microcotylinae,. 
Microcotylidae (non H. seriolae of Meserve, 1938], 459. 
_[sertolae of Meserve, 1938—as Axine (nec Ishii, 1936) : homonym, renamed Heteraxine meservet, n. n.],. 
i 459. 
___-seriolae (Yam., 1934—as E’pibdella), n. comb. : Benedenia, Benedeniinae, Capsalidae, 320, 323. 
seriolae Yam., 1940: Microcotyle, Microcotylinae, Microcotylidae, 439, 441, 442. 
sessile (Goto, 1894—as Diclidophora sessilis) Cerf., 1895; emend.: Cyclobothriwm, Choricotylinae, 
Diclidophoridae, 493, 494. 
7 sigani Goto & Kikuchi, 1917 : Tetrancistrum, Tetraonchinae, Dactylogyridae, 242, 248. 
sigmoidcus Mizelle & Donahue, 1944: Actinocletdus, Tetraonchinae, Dactylogyridae, 220. 
sillaginae Woolcock, 1936 : Microcotyle, Microcotylinae, Microcotylidae, 433, 437, 442. 
silurt (Zandt, 1924—as Ancyrocephalus), (Yam., 1937: ‘as Ancylodiscoides), Mizelle & Hughes, 1938 :. 
Urocleidus, Tetraonchinae, Dactylogyridae, 226, 249. 
_ siluri Wagener, 1857 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206, 226. 
[siluri glanidis of Wagener, 1857 : as Dactylogyrus—nom nud.], 206. 
similis Price, 1937 : Ancyrocephalus, Tetraonchinae, Dactylogyridae, 229. 
similis Wegener, 1909 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 206-7. 
similis (Mueller, 1936—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae,. 
Dactylogyridae, 249. 
simplex Bychowsky, 1936 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 207. 
simplex (Mizelle, 1937—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, Dactylogyridae 
(non D. simplex Bychowsky, 1936), 213. 
simplex (Johnst. & Tiegs, 1922—-as Flabellodiscus) Price, 1937: Lepidotrema, Diplectaninae, 
_ Dactylogyridae, 254. 
simplicimalleatus (Bychowsky, 1931—-as Dactylogyrus simplicimalleata) Price, 1938; emend. : 
Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 213. 
uatus (Goto, 1894—as Tristoma sinuatum) Price, 1938 ; emend. : Capsaloides, Capsalinae, Capsalidae, 
296, 297, 302-3. 
s (Ijima, in Goto, 1894—as Diclidophora) Llewellyn, 1941: Choricotyle, Choricotylinae, 
/ Diclidophoridae, 492. 
lis Linton, 1910—as Udonella: syn. of Udonella caligorum Johnst., 1835], 267, 268. 
ze (v. Ben. & Hesse, 1863—as Phyllonella), (Johnst., 1929—as Entobdella (Entobdella) s.), Price, 
1939 : Entobdella, Benedeniinae, Capsalidae, 323, 325, 326-7. 
Causey, 1926—as Onchocotyle) Guberlet, 1932: Squalonchocotyle, Hexabothriinae, 
iidae, 366. 
a: Eincotyllabe, Encotyllabinae, Capsalidae, 314, 315. 
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spari Yam., 1937 : Microcatyle, Microcotylinae, Microcotylidae, 442. 

spathulatus Mueller, 1936 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 199. 

[Spbyranura of Montic., 1888 : misprint for Sphyranura Wright, 1879], 353. 

sp. of Baylis & Jones, 1933 : Acanthocotyle, Acanthocotylidae, 334. 

sp. of Scott, 1906 : Acanthocotyle, Acanthocotylidae, 334. 

op. of Johnst. & Tiegs, 1922: Anchylodiscus, Tetraonchinae, Dactylogyridae, 225. 

sp. of Par. & Per., 1890: Calceostoma, Calceostomatidae, 259. 

sp. of Mizelle & Donahue, 1944: Cleidodiscus, Tetraonchinae, Dactylogyridae, 233. 

sp. of Sachwatkin, 1936: Dactylogyrus, Dactylogyrinae, Dactylogyridae, 207. 

sp. of Wegener, 1909 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 207. 

sp. of Linton, 1905 : Dactylocotyle ; and sp. of Diclidophora : Diclidophoridae, 485. 

sp. of v. Ben., 1870: Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 199. 

sp. of Linton, 1940: Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 199. 

sp. of Liihe, 1909 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 199. 

sp. nov. (from Pleuronectes platessa) : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 195, 199. 

sp. of Stunkard & Dunihue, 1933 : Gyrodactylus, Gyrodactylidae, 199. 

sp. of Bychowsky, 1934—as Dactylogyrus : Neodactylogyrus, Dactylogyridae, 213. 

sp. of Wegener, 1909—as Dactylogyrus : (?)=Neodactylogyrus wunderi (Bychowsky, 1931) Price, 1938, 
207. 

sp. of Price, 1942—as Erpocotyle : Squalonchocotyle, Hexabothriidae, 367. 

sp. of Lebour, 1908, and of Layman, 1930: (?) Squalonchocotyle, Hexabothriidae, 368. 

sp. of Montic., 1889 : Udonella, Udonellidae, 267. 

[Sphyramura of Montic., 1888 : misprint for Sphyranura, Wright, 1879], 353. 

[Sphyranna of Park, 1937: misprint for Sphyranura Wright, 1879], 353. 

[Sphyrannra of Montic., 1888 : misprint for Sphyranura Wright, 1879], 353. 

Sphyranura Wright, 1879 : Sphyranurinae, Polystomatidae, Polystomatoidea, 338, 353. 

[Sphyranuridae Poche, 1926: syn. of Sphyranurinae, Price, 1939], 338. 

Sphyranurinae Price, 1939 : Polystomatidae, Polystomatoidea, 339, 352-3. 

sphyrna Linstow, 1878 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 207. 

sphyrnae MacCallum, 1931: Squalonchocotyle, Hexabothriinae, Hexabothriidae, 366-7. 

spinacis (Goto, 1894—as Onchocotyle) Cerf., 1899 : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 
367. 

spinicirrus MacCallum, 1918 : Microcotyle, Microcotylinae, Microcotylidae, 331, 423, 426, 442-3. 

[spinulosum MacCallum, 1918—as Polystoma: syn. of Neopolystoma orbiculare (Stunkard, 1916) Price, 
1939], 345. 

spiralis (Mueller, 1937—as Onchocleidus) Mizelle & Hughes, 1938: Urocleidus, Tetraonchinae, 
Dactylogyridae, 249. 

spirophallus Yam., 1937 : Halotrema, Tetraonchinae, Dactylogyridae, 238. 

squali (EK. Blanchard, 1847—as T'ristoma) Price, 1938—sp. ing.: Capsala, Capsalinae, Capsalidae, 296, 302. 

[squali MacCallum, 1926—as Dermophagus : syn. of Microbothrium apiculatum Olss., 1869], 272. 

squali MacCallum, 1931 : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 367. 

Squalonchocotyle Cerf., 1899 : Hexabothriinae, Hexabothriidae, Polystomatoidea, 355, 356, 357, 359, 
360-1, 362, 368, 369. 

Squamodiscus Yam., 1934: Diplectaninae, Dactylogyridae, Gyrodactyloidea, 250, 252, 255-6, 507. — 

squamula (Heath, 1902—as Epibdella), (Johnst., 1929: Hntobdella (Entobdella s.), Price, 1938 : 
Entobdella, Benedeniinae, Capsalidae, 327. 

squatinue (MacCallum, 1921—as Acanthocotyle) Price, 1939: Megalocotyle |? Trochopus], Trochopodinae, 
Capsalidae, 307, 309-10. ia 

squat nae v. Ben. & Hesse, 1863 : Pseudocotyle, Pseudocotylinae, Microbothriidae, 276, 277. ; 

[squillarum Par. & Per., 1889—as Mesocotyle: syn. (?) partim, of Choricotyle smaris (Ijima, in Goto, — i. 
1894) Llewellyn, 1941 ; and (?) of Diclidophora merlangi (Kuhn., in Nordm., 1832) Kroyer Meg i 
or later]], 476, 477, 487, 489, 492, 493. » 

stegurus Mueller, 1937 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 199. 

steingrévert (Cohn, 1916—as Phyllonella), (Johnst., 1929: Hntobdella (Ethane 8.), Price e, 1 
Entobdella, Benedeniinae, Capsalidae, 322, 327. ff Ae 
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-_stenotomi Goto, 1899 : Microcotyle, Microcotylinae, Microcotylidae, 438, 443. 

_ stentor Mueller, 1937 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 234. 

stephanus Mueller, 1937 : Gyrodactylus, Gyrodactylinae, Gyrodactylidae, 199. 

stossicht Braun, 1899 : Calicotyle, Calicotylinae, Monocotylidae, 291, 293. 

__ striata (Miller, 1927—as Onchocotyle) Guberlet 1933 : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 

367. 

striata Par. & Per., 1890: Vallisia, Vallisiinae, Discocotylidae, 407, 408. 

[stunkardt Harwood, 1931—as Polystoma: syn. of Polystomoides multifalx (Stunkard, 1924) Ozaki, 
1935], 352. 

sturionis (Abild., 1794—as Hirudo) Kroyer, 1852: Nitzschia, Nitzschiinae, Capsalidae, 312-3. 

subrotunda Johnst. & Tiegs, 1922: Trivitellina, Protogyrodactylidae, 201. 

subtriangularis Mizelle & Jaskosky, 1942 : Actinocleidus, Tetraonchinae, Dactylogyridae, 220. 

suecicus (Nybelin, 1937—as Daciylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae, 
Dactylogyridae, 210, 211, 213. 

superba MacCallum, 1921: Nitzschia, Nitzschiinae, Capsalidae, 318. 

suzuki Ishii & Sawada, 1938 : Microcotyle, Microcotylinae, Microcotylidae, 443-4. 

sybillae (Th. Scott, 1909—as Octobothrium), n. comb. : (?) Discocotyle, Discocotylinae, Discocotylidae ; 
(? syn. of Discocotyle sagittata (Leuck., 1842) Dies., 1850), 403. 

Tagia n. gen. : Anthocotylinae, Discocotylidae, Diclidophoroidea (n. n. pro Heterobothrium of Meserve, 
1938, partim), 415, 419-20, 480, 497, 498. 

tai Yam., 1938 : Microcotyle, Microcotylinae, Microcotylidae, 436, 444. 

tanago Yam., 1940: Microcotyle, Microcotylinae, Microcotylidae, 444. 

tandani Johnst. & Tiegs, 1922: Anchylodiscus, Tetraonchinae, Dactylogyridae, 224, 225. 

[taschenbergi of Par. & Per., 1894—as Dactylocotyle : syn. of Diclidophoropsis taschenbergit (Par. & Per., 
1889), n. comb.], 497. 

taschenbergit Par. & Per., 1889—as ee) n. comb.: Diclidophoropsis, Choricotylinae, 
Diclidophoridae, 496, 497. 

temnodontis Sandars, 1944 : Microcotyle, Microcotylinae, Microcotylidae, 437, 444, 

tenaz Mueller, 1938 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 207. 

tenue Johnst. & Tiegs, 1922: Lepidotrema, Diplectaninae, Dactylogyridae, 254. 

tenuis (Wedl, 1857—as Gyrodactylus) Price, 1938 : Neodactylogyrus, Dactylogyrinae, Dactylogyridae, 
214. 

terrapenis (Harwood, 1932—as Polystoma (Polystomoides) t.) Price, 1939: Neopolystoma, 
Polystomatinae, Polystomatidae, 346. 

[Tetracleidus Mueller, 1936: syn. of Cleidodiscus Mueller, 1934, partim ; and of Urocleidus Mueller, 
1934, partim], 230, 231, 242, 243, 245. 

[Tetracotyle of Grube, 1855 (nec Fil., 1854—group of larval distomes) : syn. of Grubea Dies., 1858], 387. 

Tetrancistrum Goto & Kikuchi, 1917: Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 214, 215, 
241-2, 261. 

‘Tetraonchinae Montic., 1903 : Dactylogyridae, Gyrodactyloidea, 194, 202, 214-5, 261, 507. 

Tetraonchus Dies., 1858: Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 214, 215, 216, 220, 221, 
227, 229, 230, 233, 234, 250, 256. 

tetrodonis (Goto, 1894—as Diclidophora) Cerf., 1895 : Heterbothrium, Choricotylinae, Diclidophoridae, 

486, 487, 490, 497, 498. 

 teuthis (MacCallum, 1915—as Diplectanum) Johnst. & Tiegs, 1922 : Ancyrocephalus, Tetraonchinae, 

Dactylogyridae, 229. 

wmatocotyle Th. Scott, 1904 : Merizocotylinae, Monocotylidae, Capsaloidea, 286, 289. 

| M Aves & Tiegs, 1922: re ebb sh Diplectaninae, Dactylogyridae, 253, 254, 397, 507. 


ce ylinae Price, 1936: syn. (? partim) of Gastrocotylinae n. subfam.), 466, 469. 

& Sawada, 1938—as Dactylocotyla), n. comb. : (?) Kuhnia, Mazocraeidae, 395. 

& Per., 1889—as Octocotyle), n. comb. : Hexostoma, Hexostomatidae, 502, 503, 506-7. 
; , 1811—as Polystoma) Raf., 1815: Hezostoma, Hexostomatidae, 501, 502, 503-4, 509. 
rt 1938—as Tricotyla), n. comb. : Capsala, Capsalinae, Capsalidae, 296, 302. 
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[thyrites Kent Hughes, 1928—as Octobothrium : mis-spelling, emended to (Winkenthughesia) thyrsites],. 
418, 419. 

thyrsites (Kent Hughes, 1928—as Octobothrium) Price, 1943: Winkenthughesia, Anthocotylinae,. 
Discocotylidae, 419. 

thysanophrydis Yam., 1937 : Ancyrocephalus, Tetraonchinae, Dactylogyridae, 229. 

tiburonis Brooks, 1934: Squalonchocotyle, Hexabothriinae, Hexabothriidae, 366, 367-8. 

tissiert Gallien, 1937 : Diclidophoropsis (type), Choricotylinae, Diclidophoridae, 495, 496-7. 

toba Ishii & Sawada, 1938 (as Microcotyla t.) : Microcotyle, Microcotylinae, Microcotylidae, 444. 

torpedinis Chatin, 1874 : Amphibdella (type), Tetraonchinae, Dactylogyridae, 221-2, 223. 

[torpedinis MacCallum, 1919—as Amphibdella : syn. of Amphibdelloides maccallumi (Johnston & Tiegs,. 
1922)], 222. 

torpedinis (Price, 1942—as Erpocotyle), n. comb. : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 
362, 368. 

torquatus Mizelle & Cronin, 1943 : Urocleidus, Tetraonchinae, Dactvingdan 232, 246, 249. 

trachini Par. & Per., 1889 : Microcotyle, Microcotylinae, Microcotylidae, 444-5. 

trachinoti (MacCallum, 1921—as Dactylocotyle), [non Dactylocotyle v. Ben. & Hesse, 1863], Price, 1936 > 
Bicotylophora, Anthocotylinae, Discocotylidae, 421, 422. 

trachuri v. Ben. & Hesse, 1863 : Gastrocotyle (type), Gastrocotylinae, Microcotylidae, 461, 462-3, 464. 

trachuri Par. & Per., 1890: Pseudaxine (type), Gastrocotylinae, Microcotylidae, 463, 464, 465. 

[trachynoti MacCallum, 1921—as Dactylocotyle: syn. of Bicotylophora trachinoti (MacCallum, 1921): 
Price, 1936), 421. 

travassosi Price, 1938 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 234. 

triacanthi Yam., 1938 : Ancyrocephaloides, Tetraonchinae, Dactylogyridae, 226, 227. 

triangularis (Summers, 1937—as Actinocleidus) Mizelle, 1941: Anchoradiscus, Tetraonchinae, 
Dactylogyridae, 224. 

triangularis (Goto, 1894—as Azine) Yam., 1938 ene emend.): Heteraxine, Microcotylinae,. 
Microcotylidae, 457, 459. 

trichiurt Yam., 1937 : Octoplectanocotyle, Plectanocotylinae, Discocotylidae, 414-5. 

[Tricotyla Guiart, 1938 : syn. of Capsala Bosc, 1811], 295, 296, 297, 298, 300, 301, 302, 303. 

[Tricotyle Manter, 1938 : syn. of Loimos MacCallum, 1917], 257, 262-3, 508. 

[Tricotylea Dies., 1850: syn. of Monopisthocotylea Odh., 1912], 192. 

triglae v. Ben. & Hesse, 1863: Axine, Microcotylinae, Microcotylidae, 455. 

triglae v. Ben. & Hesse, 1863—sp. ing. : Udonella, Ditoneliase (? syn. of Udonella caligorum Johnst., 
1835), 266. 

[trigonostoma Wagener, 1857 : Dactylogyrus—nom. nud.], 207. 

[Trionchus MacCallum, 1916: syn. of Heterocotyle Th. Scott, 1904], 278, 279. 

Tristoma Cuv., 1817 : Capsalinae, Capsalidae, Capsaloidea, 295, 296, 303, 306. 

[Tristoma auct. (also as T'ristomum): syn. of Capsala Bosc, 1811 (partim) ; Capsaloides Price, 1936, 
partim ; Entobdella Blain., 1818, partim; Trochopus Dies., 1850, partim; ? Tricotyla Guiart, 
1938; ? Tristomella Guiart, 1938], 295, 296, 297, 298, 299, 300, 301, 302, 303, 306, 309, 310, 312, 
314, 316, 323, 324, 325. 

[Tristomatidae Gamble, 1896: syn. of Capsalidae Baird, 1853], 294, 295. 

[Tristomatinae Gamble, 1896 : syn. of Capsalinae Johnst., 1929], 295. 

[Tristomeae Tasch., 1879 : syn. of Monopisthocotylea Odh., 1912], 192. 

[T'ristomella Guiart, 1938 : (?) syn. of Capsala Bosc, 1811], 295, 296, 297, 298, 299, 300, 303. 

[Tristomidae Cobbold, 1877 : syn. of Capsalidae Baird, 1853], 281, 289, 294, 296, 312, 313, 315, 330. 

[Tristominae Braun, 1893: syn. of Capsalinae Johnst., 1929], 281, 289, 294, 295. 

Tritestis Price, 1936 : Monocotylinae, Monocotylidae, Capsaloidea, 279, 280, 283. 

Trivitellina Johnst. & Tiegs, 1922 : Protogyrodactylidae, Gyrodactyloidea, 201. 

[Trochopinae of Price, 1936: syn. of Trochopodinae Price, 1936 ; emend.], 306, 307. 

Trochopodinae Price, 1936 ; emend. : Capsalidae, Capsaloidea, 295, 306, 310. 

Trochopus Dies., 1850: Trochopodinae, Capsalidae, Capsaloidea (nec Carpenter, 1898—an insect — 
gen.), 306-7, 309. . 


[troosti MacCallum, 1918—as Polystoma : syn. of Neopolystoma orbiculare (Stunkard, 1916) Price, 1930), 


344. 
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, 1894: Microcotyle, Mishocsiotinie, Mierocotytidae, 445. 
pa 85 Octocotyle : syn. of Salen scombri (Kuhn, pa n. aad 390. 


2 1836—as Tristoma jubehoriuie) Dies., 1850: i Véchiophie (type), Trochopodinae, 


eet. & Tiegs, 1922: Lamellodiscus (type), Diplectaninae, Dactylogyridae, 252, 258. 
Johnst., 1835 : Udonellidae, Capsaloidea, 261, 264, 266, 267, 269. 
dae Tasch., 1879 : Capsaloidea, Monopisthocotylea, 264, 265, 269, 278, 285. 
donellinae Montic., 1892: syn. of Udonellidae Tasch., 1879], 264. 

metla of Montic., 1888 : misprint for Udonella Johnst., 1835], 265. 
aensis Mizelle, 1938 : Urocleidus, Tetraonchinae, Dactylogyridae, 249. 
atum Montic., 1889 : Tristoma, Capsalinae, Capsalidae, 305-6. 
uncinatus Wagener, 1857 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 207. 
[uw Paralaia Braun, 1790—as Planaria: syn. of Polystoma integerrimum (Frél., 1791) Rud., 1808], 339, 
om 340. 
[unguiculatus Wagener, 1857—as Tetraonchus: syn., partim, of Cleidodiscus megalonchus (Mueller, 
#2 1936) Mizelle & Hughes, 1938 ; and, partim, of Ancyrocephalus paradoxus Crepl., 1839], 227, 233. 
unguis Mizelle & Cronin, 1943: Actinocleidus, Tetraonchinae, Dactylogyridae, 218, 220. 
uniformis Mizelle, 1936 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 234. 
__ ureteroecetes Fischthal & Allison, 1940: Acolpenteron (type), Calceostomatidae, Gyrodactyloidea, 259, 
\ 260. : 

Urocleidus Mueller, 1934 : Tetraonchinae, Dactylogyridae, Gyrodactyloidea, 215, 226, 227, 229, 230, 

231, 232, 233, 242-4, 247. 
_ ursus (Mueller, 1938—as Dactylogyrus) Price, 1938 : Neodacty logos, Dactylogyrinae, Dactylogyridae, 
214. 

 vagans Ishii, 1936: Pseudaxine, Gastrocotylinae, Microcotylidae, 466. 

- vallei Montic., 1907 : Encotyllabe, Entcoyllabinae, Capsalidae, 315. 

vallei (Par. & Per., 1895—as Placunella) Par. & Montic., 1903 : Ancyrocotyle, Benedeniinae, Capsalidae, 
a 329. 

__ ‘Vallisia Par. & Per., 1890: Vallisiinae, Discocotylidae, Diclidophoroidea, 398, 407. 
Vallisiinae Price, 1943 (as Vallisinae), emend.: Discocotylidae, Diclidophoroidea, 399, 407, 508. 
[Vallisnia of Gamble, 1896: misprint for Vallisia Par. & Per., 1890], 407. 
: vanbenedenit (Par. & Per., 1890+-as Tetraonchus) Johnst. & Tiegs, 1922: Ancyrocephalus, 

_ _Tetraonchinae, Dactylogyridae, 230. 
_-vancleavei Mizelle, 1936 : Cleidodiscus, Tetraonchinae, Dactylogyridae, 234. 
variabilis Mizelle & Cronin, 1943: Urocleidus, Tetraonchinae, Dactylogyridae, 249. 
_vastator Nybelin, 1924 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 203, 206, 207. 
venardi Mizelle & Jaskoski, 1942: Cleidodiscus, Tetraonchinae, Dactylogyridae, 234. 
verrilli Goto, 1899 : Acanthocotyle, Acanthocotylidae, 331, 332, 334, 335. 
v losus Murray, 1931 : Ancyrocephalus, Tetraonchinae, Dactylogyridae, 230. 
jae Woolcock, 1936 : Microcotyle, Microcotylinae, Microcotylidae, 445. 

ym Tubangui, 1931 : Microcotyle, Microcotylinae, Microcotylidae, 445. 
sis (Siwakowna, 1931—as Ancyrocephalus) Mizelle & Hughes, 1938 : Urocleidus, Tetraonchinae, 


ylogyridae, 226, 230, 249. 
fs 1899 (nec MacCallum, 1931) : Squalonchocotyle, Hexabothriinae, Hexabothriidae, 365, 


cCa pets 1931—as Squalonchocotyle : syn. of Squalonchocotyle macrohystera (Price, 1942), 


‘1927 : Dactylogyrus, Dactylogyrinae, Dactylogyridae, 208. 
3 "es toc ee Hexabothriinae, Hexabothriidae, 374, 375. 
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wenningeri Mizelle & Blatz, 1941 : Neodiplectanum (type), Diplectaninae, Dactylogyridae, 254, 255. 

whartoni Price, 1939 : Polystomoidella, Polystomatinae, Polystomatidae, 349. its 

williamsi Price, 1938 : Acanthocotyle, Acanthocotylidae, 331, 332, 334, 335. aT 

wilsoni Manter, 1944 : Loimosina, Loimoinae, Monocotylidae, 508. Me 

Winkenthughesia Price, 1943 : Anthocotylinae, Discocotylidae, Diclidophoroidea, 415, 416, 418-9. 

wunderi (Bychowsky, 1931—as Dactylogyrus) Price, 1938: Neodactylogyrus, Dactylogyrinae,. : 
Dactylogyridae, 207, 209, 214. npr 

xenopi Price, 1943 : Polystoma, Polystomatinae, Polystomatidae, 341, 343. 

xesuri Yam., 1940: Haliotrema, Tetraonchinae, Dactylogyridae, 237, 238. 

yamagutit (Meserve, 1938—as Cestrocolpa), n. comb. : Axine, Microcotylinae, Microcotylidae, 455. 

zandti (Bychowsky, 1933-—as Dactylogyrus) Price, 1938: Neodactslogmars Dactylogyrinae, 
Dactylogyridae, 214. 

zschokkei (Mola, 1912—as Trochopus) Price, 1939 : Megalocotyle, Trochopodinae, Capsalidac, 310. 


